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FIREWORKS S, 


‘Improved to the Mopern Practice, 
From the Minu rest to the Hicuesr Branches ; 


CVOGN TAL NENG 


Aigrettes Globes | Silver-Rain 
Amber-lights Gold-Rain Spur-Fire 

Balloons Grand Volutes Squibs 

Batteries Leaders Stars 

Chinefe Fire-Ships | Lights Sky-Rockets 
Cohorns Mines Swans 

Cones Matches Swarms 

Crackers Mortars Thunder in Rooms 
Cafcades Marrons Towering Rockets, 
Dodecaedrons Moons double and fingle 
Ducks Neptune’s Chariot Tourbillons 
Earthquakes Pots Trees 

Flights Pumps Water Fire-Works 
Flyers . Rain-Falls Wheels 

Fountains Rockets : Yew-Trees, &c. 
Gerbes Sea-Fights 


With all their Ingredients, Compofitions, Preparations, Ma-~ 
chines, Moulds, and Manner to make them, refining Salt- 
Petre, and to extract it from damaged Gun-Powder, &c. 


With about 100 of the principal Figures beautifully en~ 
graved on Copper Plates. 


The SECOND EDITION, © corrected. 


With the ApprTion of many new and beautiful Fire- Works, 
and three large Copper Plates. 7 





By CAPTAIN JONES. 





Alfo, Mr. Murrer’s FIREWORKS, 


For Sra and LAanp Service, 


His Tables for Sea and Land Cannon, which may fave above 
100,000f/. a Year, by diminifhing the Weight of the Guns, the 
Labour of Men, the Quantity of Powder in charging, from 
1-halfto z:-3d, 1-4th, and even to 1-5th. 
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DO not pretend to give eRe origin of Fire: : 
_ works, which fome meine were ufed in the 
Trojan war, | cai 5 


It is Gimicene for me, that they have flourifhed 
“a long time, and continue to do fo in all 
polite nations. I am fenfible that there are 
many treatifes on this fabject, but they are Ua | 
fe and erroneous. | 


Ihave avoided a peolisity withed! pen ee: Fie 
my rules are plain, and I have endeavoured to 
lead the reader in the eafieft manner, from the 


minuteft circumftances to the highett, and have 


_ carefully kept to the fubject. I cannot help re-_ 
flecting with fome chagrin, that, when we have — 
thefe diverfions exhibited, we have moftly had — 
recourfe to foreigners; if owing to our ignorance 
on this fubject, T thal be meats if in gene ae 
to correct them. oe a 
nae 
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ALTPETRE 7 Slow Fire for Wheels 
“ to refine J 1) Dead at 
to pulverife * Standing or fixed Cafes: 
————to extrat from da-} 7 | Sun Cafes 
maged Powder | Brilliant Fire : 
Sulphur Gerbes 
To prepare Charcoal for ¢ 3 | Chinefe Fire 
Fireworks Charge for 4 oz. Tourbillons ~ +22 
To make artificial Camphor 4 8 oz. 
the Oilof Camphor © = ¢} Large Tourbillons 
Benjamin 6 Water Balloons 
Origin of Gunpowder J "| Water Squibs 
Gunpowder, Compofition Mine Ports or Serpents 
for different Sorts . §1Port-fires for Rockets, &c. ‘ 
damaged reftored 9 for [luminations 3 
—--—~ Silent;or white. - 10| Cones or Spiral Wheels 
—_— —tomake ~ } Crowns or Globes 
———of different Colours} 141} Air,Balloon Fuzes a 
—to make white J Serpents for Pots de Brins : 
— to make red Fire Pumps eos 
sisi —yellow va Slow white Flame [ 4 
———green > 12| Amber Lights : 
———blue Lights of another Kind J 
To. make Thunder in a‘ RedFire : 7} 
Room — { Common Fire ‘ 
Spur Fire 13 |‘Tomake an artificial Earth- 5 25 
Compofition for 14] quake J 
Characters to the Ingredients Charges for Rockets, &c. . 26 
ufed in Fireworks 1§|Rocket, &c. Charges 27 
To meal Gunpowder, Brim- pub y sons cts mae 28 
ftone and Charcoal 16 | Charges for 30 
To prepare Caft Iron for) . Remarksonthe Tables 31 
Gerbes, white Fountains { -__ | Compofitions for Stars ee QR 
and Chinefe Fire ah r 17 | that carry, Tails of Sparks 
Charges for Sky-rockets, &c, J —that yield fome Sparks \ 33 
CompofitionsforRocketStars)  |—of a yellowifi Colour = J 
viz. white, blue, varie- | - —of another Kind 4 
gated, brilliant, common, $1819; Colours produced by the diffe- 
tailed, drove, fixed, point- | rent Compolitiofis 
ed, and ofa fine'Colour J White }) 
Gold Rain for Sky-rockets 19|Blue. Flame 34. 
Silver Rain Ee Réd 
Water Rockets ? Ingredients that fhew in) 
Sinking Charge for Water Sparks when rammed in % 
Rockets Shain choaked Cafes 35 
vise Cafes from 2 02, to Cotton Quick- match J 
Alb, Ine 
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Ingredients for the Match , aH 
Sky-rocket Moulds, 
Dimenfions for Rocket Moulds 38 
Moulds for Wheel-cafes or] 
Serpents , 
To roll Rocket and other | 39 
Cafes 
To make Ae ke Cafes) 
Balloon Cafes or Paper Shells) 
Mixing Compofitions 43 
To preferve Steel or Iron Filings 44 
‘To drive or ram Sky-rockets, &e. 45 
Proportion of Mallets 
of Sky-rockets, and 48 
Manner of heading them 





Decorations for Sky- -rockets 49 

Dimenfions and Poife of Rock- 
_et-flicks g0 

Boring Rockets which have 


been drove folid 5 
Hand Machine to bore Rock- } 
ets inftead of a Lathe raphe 
To make large Gerbes 
Small Gerbes or white en) 
tains 


To make Pafte- board and & Bi 


Paper Mortars: he 
To load Air : 56 
Cochorn [luminated 7} ] 
Of Serpents Sih SeRy 
Of Crackers and Reports J 
Compound . 
Royat. 5 et 
Compound 4 = 
Bight Inch ES, 
Remarks’ & 60 
Compound 8-Inch 61 
Another | « 
Compound to Inch 62 
‘Ten Inch of 3 Changes 
To make Fazes J 63 


Tourbillons 9° | 64 
‘To make Mortars .to throw 
Aigrettes, and to load Hand 
fire them 
Making, loading, ald firing 


Pots de Brins 6 
Pots de Saucifions: 67 
To’ fix one Rocket on the} 

Top. of another ;° », 68 


Caduceus Rockets 
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Honorary Rocke " 

To divide the Tail of a Sky- } 
rocket fo as to form an} 
Arch when afcending 


To make feveral Sky-rockets | | 


rife in the fame Dired&ion, -| 


and equally diftant from p 
each other aid tad 


Signal Sky-rockets 


To fix two or more Sky- al ati 
dO 


rockets on one Stick 
To fire Sky-rockets without 
Sticks 
Rain-Falis for Sky-rockets, } 
double and fingle 
Strong } 
Tailed | = fp 
7 + Stars 
Drove - { 


Rolled J J 

Scrolls for Sky- rockets. 

Caufe of Rockets rifing 

Swarmers, or {mall Rockets 

Stands for Sky-rockets 

Girandole Chefts for Flights » 
of Rockets 


Serpents or Snakes for Pots-. 


of Aigrettes, {mall Mor- } 
tars, Sky- rockets, &c. 4 

Leaders or Pipes of Commu- 5 
nication 


eeu 
Aquatic Fireworks - ‘ 


Water Rockets 


nication, which may be 
ufed under Water 
Horizontal Wheels for the 
Water 
Water Mines 


To make Pipes of Comme: | | 
eA 
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Fire Globes for the Water ¢ 8 


Odoriferous Water Balloons 
Water Balloons | 

Squibs 

Sea Fight with fall Ships, 
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and to prepare a Fire-{hip a : 


for it , 
To fire Sky- rockets under 
Water . ~ 


To reprefent Neptune i in his ‘ai | 


Chariot 
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Page 


Swans.and Ducks in Water gz 


Water Fire Fountains 93 
Crackers 7} 
Single Reports J 94 
Marrons 95 
Marron Batteries i 6 
Line Rockets 9 
Different Decorations for 
Line Rockets t 97 
Chinefe Flyers J 
Table Rockets 98 
To make Wheels and other } 
Works incombuftible 99 
Single Vertical Wheels f 
Horizontal Wheels 100 
Spirali Wheels 101 
Plural Wheels 
Illuminated Spiral Wheels Ae. 
Double Spiral Wheels 
Balloon Wheels 103 
Fruiloni Wheels 
Port-fires for []luminations 104 


Common Port-fires 

Cafcades of Fire 

Fire Tree 

Chinefe Fountains 

Tilaminated Globes with hori 
zontal Wheels 

Dodecaedron 

Yew Tree of brilliant Fire 

Stars with Points for ae 
lated Pieces, &c. 

Fixed Sun with a tranfpa- 
rent Face 

Three Vertical Wheels illu-)} 
minated, which turn upon 
their own Naves upon a { 


105 
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horizontal Table J 
TJuminated Chandelier 112 
Yew Tree 
Flaming Stars with brilliant { 113 


Wheels J 
Touch Paper for capping of } 
Serpents, Crackers, &c. us 
Projecting regulating Pot 5 
of nine Mutations 
Horizontal Wheel changed ] 


toa Vertical one, witha > 122 


Sunin Front 


Beg Natad ot 8, 
Page 

Grand Volute illuminated 

with a projected Wheel} 123 

in Front 
Moon and feven Stars 124 
Double Cone Wheel illuminated 125 
Fire Pumps 126 
Vertical Scroll Wheel > 
Pin Wheels 7 
Fire Globes 128 


and HAG them on differ- 
ent Works 


Placing Fireworks to be ex- 
130 


To thread and join Leaders, 
129 


hibited, with the Order of 
Firing 
Order of Firing | 
Fountain of Sky- rockets 
Palm ‘Tree : 
Hluminated Pyramid, with | Mos 
Archimedian Screws, f 
Globe and Vertical Sun 
Rofe Piece and Sun 
Tranfparent Stars with ea 135 
minated Rays 
Table Star illuminated 
Regulated illuminated ‘Spi- 


131 
132 





rali Piece with a_ projected 136 
Star Wheel illuminated 

A new Figure-piece illami- 
nated with  five-pointed 137 


Stars 
Star Wheel illuminated 
Pyramid of Flower-pots ] 128 
Illuminated regulating Piece 3 
To fix a Sky-rocket with at 
Stick on the Top of ano- p 139 
ther 
New Method of placing Leaders 140 


Muller on Laboratory Works (142 

Belidor on Mining, and : 
Valiere on Countermines 37 

Scheme to improve Artillery 188 


for Horfe and Foot for one 


Proportion of Ammunition 
192 
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Printed for and Sold by J. MILLAN. 
1 IST of his Majefty’s Land Forces and Marines, at Homeand 
L Abroad, on Full and Half Pay, for 1776; alfo Lifts of the 
— Army from 1754, or any Year feparate. " 
2 Maller’s Works of Fortification, Engineering, Mining, &c. 
8 vol. 2!. 8s. 6d. .. . ba 
3 Simes’s Military Guide, containing a Syftem of the Art of 
. War, Parade and Field Duty, Regulations, Orders, Returns, 
| Warrants, Salutes, &c. above 100 Figures on Copper. 
| 4 Simes’s Military Medley and Dictionary. 
4 5 Difcipline for the Norfolk Militia, by Lord Townfhend, &c. 
| fewed, 10s, 6d. 
| 6 Major Young’s Manceuvres, and new Syflem of Fortification, 
Wolfe’s Orders, &c. ros. 6d. . 
| 4 New Exercife by his Majefty’s Order, rs. 
pe 8 Recruiting Book for the Army, 2s. 6d. 
g Regimental Book beautifully engraved, 41. 4s. 
zo Returns for Horfe, Dragoons, and Foot, Atteffations, Fur- 
loughs, Difcharges, &c. ‘ 
11 New Proffian Field Regulations, Cuts, 7s. 6d. _ ea 
12 Captain Miller’s Art of SelfDefence, on Copper Plates. : 
12 Vegetius’s ancient Art of War, with Notes by Captain Clarke, 5s. 
13 Lift of the Forces of above 40 Sovereigns, &c. neatly coloured, 
tes. 6d. 
14° Value of Commiffions on Full and Half Pay, 2s. 
35 New Art of War, by Captain Anderfon, 7s. 6d. 
16: Marine Volunteer, by Ologhlin, Cuts. 
¥7 Plans and Forts of America, from atual Surveys. ; 
18 Jones’s Artificial Fireworks, with the Addition of Fireworks, 
Ordnance, &c. on a new Conttruction, for Sea and Land 
Service, by Mr. Muiler. ; ; 
19. Drummer’s fnftrudtor, with the Englith and Scotch Duty, Beat- 
ings, Marchings, Calls, &c. by R. Spencer, 2s. — 
20 Bland’s Military Difcipline. 
34 Major Rogers’s Journal of the late War in America, 5s. | 
22 Major Rogers’s concife Account of America, alfo the interior — 
Parts, their many Nations and Tribes of Indians on the 
great Lakes and Rivers, their Cufloms, Government, Nom- 
| ber, &c. with many ufeful and entertaining Faéts never before 
thought of, 5s. 
23 Ponteach, or the Savages of America, a Tragedy, 18. 6d. 
24 Dillenius’s General Hittory of Land and Water Mofles, Corals, — 
woe, 4&0. 1h) 11s. 6d. be $i 
i 25 The Hiftory, Anal.fis, &c. of above 200 very rare flowering 
| i . oo Fw 
| Plants, Flowers, Parts of Flowers, Flies, &c. drawn and ~ 
| ‘engraved on 19 Folio Plates, by the late ingenious George _. 
Ehret, F.R.S. &c. beautifully coloured from his original — 
| ’ Drawings, 1). 11s. 6d. ms oy. 
| 26 Sheldrake’s Herbal on above 100 large Folio Copper Plates, hl 
| drawn in the moft mafterly Manner from the Originals, when © 
in their higheft Perfection, 4]. 4s.—6l. 6s, Royal. . 
27 Sheldrake on Heat and Cold for Greenhoufes, 1s. 
28 Columella on Agricalture, by Gibfon, 4to. 153. 
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PEER POW’ OF ROK S. 


SectT. L—SaLTPpETRE. 


kt being the principal ingredient in fire- 
works, and a volatile body, by reafon of its aque- 
ous and acrial parts, is eafily rarified by fire ; but not fo 
foon when foul and grofs, as when purified from its 
crude and earthy parts, which greatly retard its velo 
city: therefore, when any quantity of Fireworks are to 
be made, it fhould be examined; for if it is not well 
cleanfed, and of a good fort, your werks will not have 
their proper effect; neither will it agree with the ftanding 
proportions of compofitions: but to prevent accidents 
I thal! proceed with the method of refining it. 


To refine SALTPETRE. 


Put into a copper, or any other veflel, 100 lb. of 
rough nitre with 14 gallons of clean water; let it 
boil gently half an hour ; as it boils take off the foums 
then itir it, and before it fettles put it into your filtering 
bags, which muft be hung on a rack, with glazed 
earthen pans under them, in which muft be fticks laid 
acrofs for the cryftals to adhere to; it muft ftand in the 
. pans 2 or 3 days to fhoot, then take out the cryftals and 
let them dry : the water that remains in the pans boil 
again an hour, and ftrain it into the pans as before, 
and the faltpetre will be quite clear and tranfparent; 
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ARTIFICIAL 
if not, it wants more. refining, to do which proceed as 
ufual, till it is well cleanfed of all its earthy parts. 

N. B. Thole who do not chufe to procure their 
faltpetre by the above method, may buy it ready done, 
which for fireworks in general will do. 


To pulverife SautPperrs. 


Take a copper kettle whofe bottom muft be fpherical, 
and put into it 141b. of refined faltpetre, with 2 
quarts or 5 pints of clean water; then put the kettle on 
a flow fire, and when the faltpetre is diffolved, if any 
impurities arife, {kim them off, and keep conftantly 
fhirring it with 2 large fpatulas, till all the water exhales ; 
and when done enough, it will appear like white fand, 
and as fine as flour ; but if it fhould boil too faft, take the 
kettle off the fire, and fet iton fome wet fand, which 
will prevent the nitre from fticking to the kettle. 
When you have pulverifed a quantity of faltpetre, be 
careful to keep it in a dry place, 


To extrac Savrretrre from damaged 
Gun-Pownper. | 


Have fome filtering bags, hung ona rack, with elazed 
earthen pans under them, in the fame manner as thofe 
for refining faltpetre: then take any quantity of damaged 
powder, and put it into a copper, with as much 
clean water as will cover it; when it begins to boil 
take off the feum, and after it has boiled a few minutes, 
fiir itup; then take it out of the copper with a {mall 
hand kettle for that purpofe, and put fome into each 
bag, beginning at one end of the rack, fo that by the 
time you have got to the laft bag, the firft will be ready 
for more; continue thus, till al! the bags are full; 
then take the liquor out of the pans, which beil and 
filter, as before, 2 or 3 times, till the water runs quite 
¢lear, which you muft let ftand in the pans fome time, 
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FIREWORKS. 


and the faltpetre will appear at top. ’ To get the faltpetre 
entirely out of the powder, take the water from that 
already extracted, to which add fome frefh and the 
dregs of the powder that remain in the bags, and put 
them in a veffel, to ftand as long as you pleafe, and 
when you want to extract the nitre, you muft proceed 
with this mixture as with the powder at firft, by which 
means you will draw out all the faltpetre; but this 
procefs muft be boiled longer than the firft, 


SuLPHUR, or BRIMSTONE, 


Sulphur is by nature the food of fire, and one of the 
principal ingredients in gunpowder, and almoft in all 
compofitions of fireworks ; therefore great care muft be 
taken of its being good, and brought to the higheft 
perfection. To know when the fulphur is good, you 
are to obferve that it is of a high yellow, and if, when 
held i in one’s hand.. it crackles and bounces, itis a fign 
that itis frefh and good: but as the method of reducing 
brimftone to a powder is very troublefome, it is bet tter 
to buy the flour ready made, which is done in large 
quantities, and in great perfection: but wien a grand 
collection of fireworks are to be made, the ftrongeft 
and beft fulphur is the lump brimftone ground in the 
fame manner as gunpowder, which you will find in the 
following part. 


To prepare CHaRcoaL for Fireworks. 


Charcoal is a prefervative by which the faltpetre 
and the brimftone is made into gun-powder, by prevent- 
ing the fulphur from fuffocating the ftrong and windy 
exhalation of the nitre. There are feveral forts of wood 

jade ufe of for this purpofe; fome prefer hazle, others 
willow andalder; but there being fo little difference, you 
may ufe either, which is moft convenient to be got. 
And the method of burning it is, Cut it in pieces 


about 1 or 2 feet long, then fplit each piece in 4 parts; 
B2 Icale 





























4) ARTIFICLTAL | 
feale off the bark and hard knots, and dry them in the 
fun or in an oven, then make in the earth a fquare hole, 
and fine it with bricks, in which lay the wood, croffing 
one another, and fet-it on fire; when thoroughly lighr- 
ed and in a flame, cover the hole with boards, and fling 
earth over them clofe, to prevent the air from getting in, 
yet fo as not to fall among the charcoal ; and when it 
has Jain thus 24 hours, take out the coals and lay then 
in adry place for ufe. It is to be abferved, that char- 
coal for fireworks muft always be foft and well burnt, 
which may be bought ready done. 


To make Artificial Campuor. 


Camphor, in the Materia medica, “ is a body of a. 
particular nature, being neither a refin, a volatile 
falt, an oil, a juice, a bitumen, or a gum, but a 
mixed fubftance, dry, white, tranfparent and brittle, 
of a {trong and penetrating fmell. The Indians dif 
tinguifh two kinds of it, a finer and a coarfer; the 
finer is the produce of Borneo and Sumatra, is very 
rare, and is hardly ever fent into Europe ; the coarfer 
is the Japonefe, which is the commen, bothin the 
Indies and in Europe. 

*¢ The camphor, which we meet with in fhops, is 
alfo of 2 kinds, differing in regard to the degree 
of their purity, and diftinguithed by the name of 
Rough and Refined. The tree, which produces cam- 
phor, is a fpecies of bay tree, every part of which 
abounds with camphor; but is not colleéted from 
it in the manner of refins, but by a fort of chemical 
procets.— ‘The natives of the place where the trees 
grow, cut the wood and roots into fmall pieces, 
and put them into large copper veflels, which they 
cover with earthen heads, filled with ftraw ; they 
give a moderate fire under them, and the camphor is 
** raifed in form of a white downy matter, and retained 
“‘ among the ftraw; when the procefs is over, they 
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FIREWORKS, \ 


* fhake it out of the ftraw, and knead it into cakes. 
“< Thefe cakes are not very compact, but eafily crum- 
*< bled to pieces; they are moderately heavy, of a 
‘¢ oreyifh or dufky reddifh white in colour, of a pun- 
‘** cent fmell and acrid tafte, and what we call rough 
«¢ camphor. | 

“ Refined camphor muft be chofen of a perfectly 
** clean white colour, very bright and pellucid, of the 
“* fame f{mell and tafte with the rough, but more acrid 
‘© and pungent.—It is fo volatile that merchants ufually 
* inclofe it in lin-feed, that the vifcofity of that erain 
“ may keep its particles together,” 

There is alfo an artificial camphor for fireworks, 
which is made from gum fandarach pulverifed 2 pound, 
and diftilled vinegar enough to cover it; put them 
in a glais phial, and fet it 20 days in warm horfedung. 
Then take it out, and pour it into a large-mouth phial ; 
and expofe it to the fun a month, and you will have a 
concreted camphor in form of the cruft of bread, and 
fomething like the natural camphor: which when you 
ufe muft be ground to a powder with a little fpirits of 
Wine ina mortar, ‘Though we have here taught the 
method of making artificial camphor, I would not 
recommend it to thofe who chufe to make their works 
to perfection, the natural camphor being by far the 
beft. 


To make the Ort of Camruor, 


Which is fometimes ufed to moiften compofitions. 
It is produced by adding to fome camphor a little oil of 
fweet almonds, and working them together in a brafs 
mortar, til it turns to a green oil. 

N. B. Thofe works that have any camphor in their 
compofitions, fhould be kept 3s much from air as pof- 
fible, or the camphor will evaporate. 
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BENJAMIN, 


Benjamin is a refin (much ufed by perfumers, and 
fometimes in medicine); it is brought from ihe Indies, 
where it :s found of different forts; and diftinguifhed 
by colours, viz. ycllow; grey, and brown; but the 
beft is that which is eafy to break and full of white fpots. 

Benjamin is one of the ingredients in odoriferous fire- 
works, when reduced to a fine flour; which may be 
done by putting into a deep and narrow earthen 
pt, 3 or 4 02. of benjamin grofsly pounded ; cover the 
pot with paper, which tie very clofe round the edge ; 
then fet the pot on a flow fire, and once in an hour take. 
off the paper, and you will find fome flour {ticking to 
it, which return again in the pot; this you muft con- 
tinue till the flour appears white and fine. There is 
alfo an oil of benjamin, which is fometimes drawn from 
the dregs of the flour ; it affords a very good fcent, and 
may be ufed in wet compofitions. 


Oricin of Gun-PowpDER. 


Gun-powder being the principal ingredient in fires 
works, it is proper to give a fhort definition of its ftrange 
explofive force, and caufe of action, which, according: 
to Dr. Shaw, the chemical caufe of the explofive force 
of gun-powder, is, ‘© Each grain of powder confifting 
** of a certain proportion of fulphur, nitre, and coal, 
the coal prefently takes fire, upon contact of the 
{malleft {park : at which time both the fulphur and 
the nitre immediately melt, and by means of the coal 
interpofed between them, burft into flame; which 
{preading from grain to grain, propagates the fame 
effect almoft inftantaneoufly : whence the whole mafs- 
of powder comes to be fired; and as nitre contains 
both a large proportion of air and water, which are 
‘‘ now violently rarified by the heat, a kind of fiery 
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°¢ explofive blaft is thus produced, wherein the nitre 
*< feems, by its aqueous and aérial parts, to act as bel- 


‘© lows to the other inflammable bodies, fulphur and 
© coal, to blow them into a flame, and carry off their 
66 


whole fubftance in fmoke and vapour.” 

After having fpoke of the nature of powder, I fhall 
in the next place proceed to its origin, though fome- 
What uncertain; but it is imagined to have been invent- 
ed in the time of Alexander the Great, as Philoftratus 
{peaks of a city near the river Hypafis in the Indies, that 
was faid to be impregnable, and its inhabitants relations 
of the gods, becaufe they threw thunder and lightning 
on their enemies ; but this perhaps might be the effect 
of gun-powder, which, not being known to other peo- 
ple, might well be faid to be thunder and light- 
ning. 

This conjecture has been confirmed by fome travel- 
lers, who afflert that it was ufed in the Eaft-Indies, par- 
ticularly in the Philippine Ilands, about 85, which 
is 1265 years before it was known in Europe, where 
they fay it was not known till 1350, though, it is faid, 
there is mention made of gunpowder in the regifters of 
the chambers of accounts in France, in 1338; and 
Friar Bacon mentions the compofition of powder in ex- 
prefs terms, in his treatife De nullitate magiae, publifh- 
ed at Oxford in 1216; but we find from moft accounts, 
that the Germans have the honour of the inven- 
tion. 

I fhould give a defcription of a machine for trying 
gun-powder, but they are fo common, it would be 
needlefs; yet would have -all who. practife this art 
know, that, when they make fky rockets with powder, 
it muft be of the beft kind; but as te wheels, and 
ether common works, any will do, only be careful it is 
quite dry. 
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Compofitions for Gun-powprer of dif- 
ferent kinds. 


Having treated of the nature of powder, and its 
origin, i fhall give the proportion of each ingredient, 
it being proper that every one who ufes powder, fhould 
know of what it is compofed. Therefore, I fhall fet 
down the feveral compofitions mentioned in Cafimir 
Siemienowicz’s grand art of artillery, in which there 
are fix forts, viz. 


I. f251b.) f25lb. 
I. j 281b. | f2olb. 
il. \. Saltpetre 100 Ib, fulphur 4 121b. Sand coal } re 1b, 
IV. 20lb. | 24 |b. 
V. Bay 4 138 Ib. 
Vv LiolbJ L sib. 


Belidor, in his Hydraulics, fpeaks of a compofion 
for gun-powder, which is, to 301b. of faltpetre, add 
5 lb. of fulphur, with as much coal: but the proportions 
of the feveral ingredients are to be found bef by ex- 
perience. Though there has been fo much practice in 
making powder, there has not yet beenafcertained a ftand- 
ing proportion of the nitre, fulphur, and coal; but it is 
hoped that in time this great and noble Invention wilk 
be much improved, and that the different and beft 
quantity of every ingredient will be afcertained. At the 
powder mills they generally allow for waiting, in making 
up, 1 7 lbein 100, Their mixture for 100 of good 
powder is thus: To 76 £ Ib. of faltpetre, well refined 
and dry’d, 12 1]b. of coal, and as much fulphur,. 
which makes 1011 lb, which when worked up wilk 
nearly weigh tco. As gun-powder is capable of being 
improved, I fhell not omit any particular that may be 
of fervice to fuch as are willing to make experiments ; 
viz. refined faltpetre 5 lb. fulphur 11b. 40z, and char- 
coal 7 = oz, A 


Though 
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Though youray havea good proportion of ingredients, 
the powder will not always be the fame: much depends 
on their being well incorporated, corned and dry’d, the 
method of which will be taught in the next article. 


To reftore damaged GuN-PowDER to its 
proper ftrength. 


Tt is certain, that, if powder is kept long in a damp 
place, it will become weak, and great part formed into 
hard lumps, a fure fign of its being damaged. When 
powder is thus found, you will fee at the bottom of 
the barrel fome’ faltpetre, which, by being wet, will 
feparate from the fulphur and coal, and fall to the bot- 
tom of the veflel, and fettle in the form of a white 
downey matter; but the only method to prevent this, 
is to move the bairels as oft as convenient, and place 
them on their oppofite fides or ends: but though the 
ereateft care be taken, length of time will greatly leflen 
its primitive ftrengeth. 

Therefore when any of thefe accidents happens, you 
may recover it by applying to thefe directions ; for ex- 
ample, if you imagine that it has not received much 
damage, proceed thus. Spread it on canvas, or dry 
boards, and expofe it to the fun, then add to it an equal 
quantity of good powder, and mix them well, and, 
when thoroughly dry, barrel, and put it in a dry and 
proper place. But if gun-powder is quite bad, the 
method to reftore it is; firft, you muft know what 
it weighed when good; then, by weighing it again, 
you find how much it has loft by the feparation and 
evaporation of the faltpetre; then add to it as much re- 
fined faltpetre, asit has wafted, but as a large quantity 
of this would be difficult to mix, it will be beft to put 
a proportion of nitre to every 20lb. of powder; when 
done, put one of thefe proportions into your mealing 
table, and grind it, till you have brought it to an im- 
palpable powcer, then fearce it with a fine fieve; but if 
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any remain in the fieve that will not pafs, return it to 
the table, and grind it again, till you have made it all 
fine enough to go through ; being thus well ground and 
fifted, it muft be made into grains thus: firft you mutt 
have fome (copper wire fieves) made to what fize you 
intend the grains fhould be; thefe are called corning 
fieves or grainers, which fill with the powder com- 
polition, then fhake them about, and the powder will 
pafs through the fieve, formed into grains. Having 
thus corned it, fet it to dry in the fun ; and when quite 
dry, fearce it with a fine hair fieve, to feparate the duft 
from the grains, This duft may be worked with an- 
other mixture ; fo that none wil] be wafted: but fomes 
times it may happen, that the weight when good can- 
not be known; in which cafe add to each Ib. 1 oz. of 
1 7 02. of faltpetre, according as the powder is decayed, 
and then erind, fift, and granulate it as before. 

N. B. If you have a large quantity of powder, that 
is very bad, and quite {poiled ; the only way is to ex- 
tract the faltpetre from it, according to the ufual man- 
ner: for powder thus circumftanced, will be very dif- 
ficult to recover, | 


SILENT Powper, commonly called Wurte 
PowDeEr. 


It would be rather abfurd to imagine, that it is pof- 
fible for gun-powder to have any effect without fome 
report, when it is well known, that the found does not 
proceed from the powder only, but from the air being 
rarified by the expanfion of it. 

It is evident, that any compofition aéting with the 
fame explofive force, will produce the fame effeé,. in 
every refpect. Yet for fuch I never had any proof, nor 
ever knew any experiment made of it, but have fo little 
faith in it, that I fhould not have given it a place in 
this work, had it not been treated of by fome authors 
of note ; and at the fame time giving every one, who 


iS 


is fond of this art, all opportunities of making experi- 
ments, and of knowing every thing relating to it, 


‘To make Stent Powper. 


For the firft fort, mix 21b. of borax, with 4lb. of 

un-powder, 

2d. Add 41b. of lapis-calaminaris, and £1b. of borax, 
to 2lb. of powder. 

3d. To 61b. of gun-powder 41b. of calcined moles, 
with as much borax of Venice. 

4th. To 6 Zlb. of faltpetre, 8 1b. of fulphur, and 
Ilb. of the fecond bark of an elder tree, burnt and 
ground to a powder, with 2 1b. of common falt. 

There are many other methods of making filent pow- 
der, according to report, by ufing camphor or touch- 
wood inftead of charcoal, or by adding to the common 
powder burnt paper, hay feed, &c. When any of thefe 
ingredients are to be mixed with common powder, grind 
them together, and make them into grains. 


GuNn-powpsr otf diferent Colours. 


Notwithftanding the repeated trials and experiments, 
made by the greateft artifts, to addto the ftreneth of 
gun-powder, all have proved ineffectual, and moft have 
agreed that the prefent powder will not admit of a fourth 
ingredient : therefore it is evident, that any thing being 
mixed with the prefent compofition would rather reduce 
“its ftreneth than add to it; confequently coloured pow- 

der muft be weaker than black: fo that the making of 
powder of different colours, is only a fancy that ferves 
to pleafe the curious, without any other effect, 


To make Gun-powper white. 


To 61b. of falt-petre, add 1 1b. of the pith of an elder 
tree, well dried and pulverifed, with a fufficient quan- 
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tity of brimftone to make it into powder, which you 
will find in the compofition of gun-powder, or 1 02. of 
the falt of tartar, calcined till it comes white, and then 
boiled in clear water, till the water is all evaporated, 


To make PowpeEr red. 


Boil in water fome brafil wood or vermillion and i Ib. 
of chopped paper; and, when boiled for fome time to 
draw out the colour, dry and meal it with tlb. of ful- 
phur, and 8b of faltpetre. 

Or, to 61b. of faltpetre, 11b. of fulphur, and £ Ib. of - 
amber, and blood ftone 1 Ib. 


To make Yellow Powper. 


Take 81b. of faltpetre, 11b. of fulphur, and 11b. of 
wild faffron, that has been boiled in aqua vite, and afe 
terwards made dry and mealed. 


To make Green Powpegr. 


Boil 21b. of rotten wood, with fome verdegreafe in 
aqua vite, then dry and pound it, and mix it with 1 Ib. 
of fulphur, and tolb. of faltpetre. 


To make Blue Rowprer. 


Boil fome indigo in aqua vite, with 11b. of the bark of 
a young linden tree, then dry and reduce it toa powder, 
and mix it with 11b. of brimftone, and 8 1b. of {altpetre, 


To make Pulvis Fulminans, or Thunder 
in a Room. 


This compofition is fimple, yet has a very curious 
effect ; it is made 3 parts of faltpetre, 2 of falt of tartar, 
and 1 of fulphur, all ground toa fine powder, and weil 
mixt, As the effect of this powder is quite different from 

that 
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that of gun-powder, fo is there a different method of 
firing it, which is thus: Put about 2 tea fpoonfulls of 
it into a fire-fhovel, or iron ladle, and fet it over a 
flow fire, and when it is quite hot, it will go off with a 
violent report. There is fomething furprifing in the 
nature of this compofition; for as the common powder 
acts every way equal, and makes the greateft noife when 
confined, this, on the contrary, acts only downwards, 
and makes the ftrongeft report when not confined. 

There is another fort of fulminating powder, called 
fulminans aurum, on account of there being gold mixed 
in its compofition, which is done by a chemical prepa- 
ration ; but as the preparing of the ingredients requires a 
tedious and expenfive procefs, I fhall omit the method of 
doing it, and let thofe who chufe to make chemical ex- 
periments refer to authors on that fubject, by whom 
they will find the manner of making it. It is faid one 
grain of fulminans aurum, when made to perfection, 
and held on the point of a knife, over a candle, will 
amake a report louder than a mufket. 





Sect. II. SPUR-FIRE. 


NGIS fire is the moft beautiful and curious of any 
yet known, and was invented by the Chinefe, but 

now is in greater perfection in England than in China. 
As it requires great trouble to make it to perfeétion, it 
will be neceflary that beginners fhould have full inftruc- 
tions; therefore care fhould be taken that all the ingre- 
dients are of the beft, that the lamp-black is not damp 
and clodded, that the faltpetre and brimftone are tho- 
roughly refined, This compofition is generally rammed 
in I or 2 ounce cafes, about 5 or 6 inches long, but not 
drove very hard; and the cafes muft have their concave 
{troke ftruck very fmooth, and the chuak or vent not 
quite fo large as the ufual proportion; this charge, when 
driven and kept a few months, will be much better than 
when 
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when rammed, but will not fpoil, if kept dry, in many 
years. 

As the beauty of this compofition cannot be feen at 
fo great a dittance as brilliant fire, it has a. better effect 
in a room than in the open air, and may -be fired in a 
chamber without any danger : it is of fo innocent a nature, 
that, though with an improper phrafe, it may be called 
a cold fire ; and fo extraordinary is the fire produced from 
this compofition, that, if well made, the {parks will not 
burn a handkerchief, when held in the midft of them ; 
you may hold them in your hand while burning, with as 
much fafety asa candle; and if you put your hand within 
a foot of the mouth of the cafe, you will feel the fparks 
like drops of rain. When any of thefe fpur-fires are 
fired fingly, they are called artificial flower pots; but 
fome of them placed round a tranfparent pyramid of 
paper, and fired in a large room, make a very pretty 
appearance, 


Compofition for the Spur-rrrs. 


Saltpetre 41b. 8 oz, fulphur 21b. and lamp-black rb. 

© OZ. 
Or, faltpetre 1 tb. fulphur 1b. and lamp-black 4 quarts. 
The fpur-fire compofition being very difficult to mix, 
and the manner of doing it quite different from any other, 
I thall here treat of it feparately ; for example, the falt- 
petre and the brimftone muft be firft fifted together, and 
then put into a marble mortar, and the lamp-black with 
them, which you work down by degrees, with a wooden 
peitle, till all the ingredients appear of one colour, which 
will be fomething greyifh, but very near black; then. 
drive a little into a cafe for trial, and fire it in a dark 
place; and if the fparks, which are called ftars, or pinks, 
come out in clufters, and afterwards {pread well without 
any other {parks, it is a fign of its being good, otherwife 
not; for if any droffy {parks appear, and the ftars not 
full, it is then not mixed enough; but if the pinks are 
very 
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very fmall, and foon break, it is a fign that you have 
rubbed it too much. | 

N.B, This mixture, when rubbed toe much, will be 
too fierce, and hardly fhew any ftars; and, on the con- 
trary, when not mixed enough, will be too weak, and 
throw out an obfcure fmoke, and lumps of drofs, with- 
gut any ftars. ‘The reafon of this charge being called 
the fpur-fire, is becaufe the fparks it yields have a great 


refemblance to the rowel of a fpur, from whence it takes 
its name. 


Characters to the Ingredients ufed in 
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Their ufe is, that by them the receipts may be cof. 
tracted, fo that they may be contained in a leaf ofa 
pocket book, which is much lefs than any table that 
has yet been invented. And they are convenient for 
travellers. 


To meal Gun-powper, Brimstone, and 
| CHARCOAL. 


There have been many methods ufed to grind thefe 
ingredients to a powder for fireworks, fuch as large mors 
tars and peftles, made of ebony, and other hard wood ; 
and horizonta! mills with brafs barrels ; but none have 
proved fo effectual and {peedy as the laft invention, that 
of the mealing table, reprefented in Plate-I. Fig. 1. made 
of elm, with a rim round its edge, 4 or 5 inches high ; 
and at the narrow end, A, is a flider, that runs in a 
groove and forms part of the rim ; fo that when you have 
taken out of the table, as much powder as you can, 
with the copper fhovel Fig. 2. fweep all clean out at the 
flider A. When you are going to meal a quantity of 
powder, obferve not to put too much in the table at once ; 
but when you have put in a good pfoportion, take the 
muller, Fig. 3. and rub ittill all the grains are broke ; 
then fearce it, ina lawn fieve that has a receiver and top 
to it; and that which does not pafs through the fieve, 
return again to the table and grindit, till you have brought 
it all fine enough to go through the fieve. brimftone 
and charcoal are ground in the fame manner, only the 
muller muft be made of ebony; for thefe ingredients, 
being harder than powder, would ftick in the grain of 
elm, and be difficult togrind; as brimftone is apt to 
flick and clod to the table, it will be beft to keep one 
for that purpofe, by which means you will always have 
your brimftone clean and well ground, 


To 
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To prepare Cast-Iron for Gerbes, White 
Fountains, and Chinefe Fire. 


Caft-iron being of fo hard a nature, as not to be cut 
by a file, we are obliged to reduce it into grains, though 
fomewhat difficult to perform; butif we'confider what 
beautiful fparks this fort of iron yields,, no pains fhould 
be fpared to granulate fuch an effential material, to.do 
which, getatan iron foundry fomethin pieces of iron, fuch 
as generally runs over the moulds. atthe time of caftng : 
then have a fquare block made of caft iron, and an iron 
‘{quare hammer about 4 lb. weight; then, having’ covered 
“the floor with cloth, ‘or fomething to catch the beatings, 
lay the thin pieces of iron on the block, and beat them 
with the hammer, till reduced into {mall grains, which 
afterwards fearce with a very fine fieve, to feparate the 
fine duit, which is fometimes ufed in, fmall cafes of bril- 
hant fire, inftead of fteel duft; and when you have got 
eut all the duft, fift what remains with a fieve a little 
larger, and fo on with fieves of different fizes, till the iron 
paties through about the bignefs of {mall bird fhot: your 
iron thus beat and fifted, put each fort into wooden boxes 
or oiled paper, to keep it from rufting. When you ufe 
it, obferve the difference of its fize, in proportion tothe 
cafes for which the charge is intended; for the coarfe 
fortis only defigned for very large gerbes, of 6 or 8 lb. 


Charges for Sky-Rockets, &e. 


Rockets of Four Ounces. 


Mealed powder ilb.40z. faltpetre 40z. and char- 
coal 2 oz. 
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Rockets of Eight Ounces. 4 


i Mealed powder. 1 Ib. faltpetre 40%. bamitone i OZ. 
and charcoal 1 oz. and $ 
M1, Meal powder 1b, rand § i, and. clare 4 Oz. es he. 


‘Rockets of One Pound. 


Meal powder 2 Ib. faltpetre 8 oz. ere 4ozd a " t | 
ates 202. and fteel filings 1 oz. and 3.’ ‘* Siege 











Sky Rockets in ae 


I. Saltpetre 4lb. brimftone 1b. and charcoal: alb. Ze 
II, Saltpetre 41b. brimftone 11b.%. charcoal 1Jb. 
12 oz. and meal powder 2 oz. Na 





ee Large Sky oe 


Saltpetre 4lb. meal powder 1 1b. and brimftone I Ib. 

















iompofitidis to be ufed in Rockets of 
si a middling fize. wha 


I. - Saltpetre 8 1b. fulphur 3 1b. meal powder Hee 


I]. Saltpetre 3 lb. fulphur 21bemeal powder 4b. char- 
» coal aN 


Compofitions for Rocket Stars, 9) 






































White Stars. 


Meal powder 4.02. faltpetre 12 oz. fulphur vivum 
6 02. oil of {pike 2 oz. and camphor 5 oz, 








Blue. Stars. ; betsct 


Meal powder 8 oz. falpetre 4, fulphur 2, Spirits of 
Wine 2, and oil of fpike 2. 3 


Coloured 
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Coloured, or variegated Stars. 
Meal powder 8 drams, tochpetre 4 0z. fulphur vivum. 
2, and camphor 2. , 
Brilliant Stars, 4} 
Saltpetre 3 £02. fulphur 1§, and meal powder 2, 
worked up with fpirits of wine only, ns 
Common Stars. nea 
Saltpetre 11b. brim{tone 4 02. antimony 4 3, ifinglafs 2, 
camphor 4, and fpirits of wine 3. 
* “Tailed Stars. 
Meal powder 3.0z. brimftone’2, faltpetre 1, and char- 
coal (coarfely ground) ¥. | | 
Drove Starts. | 
. 1, Saltpetre glib. fulphur rib. brafs duft 12 02. anti- 
“mony 3. | gaat dk: © satan ne 3 
AI, Saltpetre 11b. antimony 4 02. and fulphur 8. 
Fixed Pointed Stars. 


Saltpetre 8.2 oz. fulphur 2,, antimony 1.02. 10 dr- 


Stars of a Fine Colour. 


Sulphur 1 oz. meal powder.1, ‘faltpetré 1; camphor 
4 dr. oil of turpentine 4 dr. | 


« Gold Rain for Sky Rockets. 


‘J. ‘Saltpette ‘lb. meal powder-4 0z. fulphur 45. brafs 
duft'1, faw' duft 24; and glafs duft © dr. cial 
JI. Meal powder 12 oz. faltpetre 2, charcoal 4. - 
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III. Saltpetre 8: oz. brimftone 2, glafs ‘duff 1, anti 
mony #, brafs duft z, and faw duft 12 dr, 


























Silver Rain. 
I. Saltpetre 4 oz. folphur, meal powder, and anti- 
mony. of each 2.02. fal prunellazoz. 
II. Saltpetre $1b. brimftone 2 oz. and charcoal 4. 
ILI. Saltpetre 1b. brimftone Ib. antimony 6 02, 
IV. Saltpetre 4 02. -brimitone 1, powder 2, and ftee] 
duit z 02. 


Water Rockets, . 


I. Meal powder 6b. faltpetre 4, brimftone 3, char-— 
coal <s. 

Uf. ‘Saltpetre 1b. brimftone 4% oz. charcoal 6, 

III. Saltpetre 11b. brimftone 4 oz. charcoal 12 02, 

IV. Saltpetre 4lb. brimftone 1lb. 8 02. charcoal 11b. 
12 02. | 
VY. Brimftone 21b. faltpetre 4lb, and meal powder 4. 

VI. Saltpetre 1lb.. meal powder 4 oz. brimftone 8 £, 
charcoal. 2. : | “8, 

VII. Meal powder 11b. faltpetre 3, brimftone 1. fea- 
coal 1 oz. charcoal 84, faw duf 2, fteel duft %, and 
coarfe charcoal £ oz. 

VIII. Meal powder’ 1 1b. faltpetre 3,’ fulphur 1%, 
gharcoal 12 oz. faw duft 2. 


Sinking Charge for Water Rockets, 


Meal powder 8 oz. charcoal 3 oz, 





Wheel Cafes from 2 02. to 4lb. 
1. Meal: powder alb.. faltpetre 4.0z. iron, filings 7 
: Il. Meal powder alb. faltpetre 12 0z. fulphur 4,.fteel 
ult 9. Pere 
lf. Meal powder 4lb. faltpetre sib, brimftone 8 02. 
charcoal 4 4. | 
IV, 
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IV. Meal powder 8 oz. faltpetre 4, faw duft 1 1, fea- 
Coal 3. ; 

V. Meal powder 1lb. 4 0z. brimftone 4 0Z.10 dr. 
faltpetre 8 oz. glafs duft 23. iv 

VI. Meal powder 12 02. charcoal 1, faw duft 5. 
~ VII. Saltpetre ilb. 9 oz. brimftone 4 0z. charcoal 4 £. 

VIII. Meal powder 21b. faltpetre 1, brimftone 4, and 
feacoal 2 02. vat 

IX. Saltpetre 2lb. brimftone:1, meal powder 4, and 
glafs duft 4 0z. | | 

X. Meal powder 1b. faltpetre 2 oz. and fteel duft 3. 

XI. Meal powder 2lb. and: fteel duft 24 0z. with 
24% ofthe fine duft of beat iron. 

XII. Saltpetre 2lb. 13 0z. brimftone 8 0z. and char- 
coal 6. 


Slow Fire for Wheels. 
I. Saltpetre 4.0z. brimftone 2, and meal powder 1 3. 
II. Saltpetre 4.0z. brimftone 1, and antimony 1 oz. 
Ill. Saltpetre 4 $.0z. ‘brimftone’ 1 0z. and mealed 
powder 1 3. : 


Dead. Fire fort Wheels. 


I. Saltpetre 1 4 02. brimftone 3, lapis-calaminaris 2, 
and antimony 2 di.’ 


Standing or fixed Cafes. 


1. Meal. powder 4lb. faltpetre 2, brimftone and, char- 
COAL hy: wh vars | abaar Ss aang 

I]. Meal powder alb. faltpetre 1, and fteel duft 8 oz. 

TIL. Meal powder 1lb. 4.0z. and charcoal 4 0z.. 

IV. Meal powder 11b. and fteel duft 4 oz. 

V. Meal powder 2 4lb, brimftone.4 02. and fea coal 6. 
_ VI. Meal powder 3 Ib. charcoal 5 0z. and faw 
au x 4. i 

£2 | Sup 


SSS ————— 
ee a 





a ea Sr 








SS 


Le 


ea 


Se ee 


SE 


ee 


SS 


















































(Si 
EI 
Hl) 
| 


i HI 
HIT | 


el | 
Hy i | 




















OS Re Col ee 


Sun Cafes.. a. 
“I, Meal powder 8 31b. falepetre 1b. 2 02. fteel duft 
2lb.. 104.0z. brimftone 4.°. Tu 
I], Meal powder 3lb.. faltpetre 6 oz. and ftee] - 
duit 73. ; | y 
A Brilliant Fire, ss] 
Meal powder ralb.' faltpetre 1, brimftone 4 az. fteel 
duft 1 41b, | 1 j SELTETAIS 


Gerbes. 
_ Meal powder 6!b. and beat iron 2Ib. 3 2 oz. 


Chinefe Fire. 


Saltpetre 12 0z. meal powder 21b: brimftone 11b. 2 oz, 
and beat iron 12 02, 


"Charge for Four-ounce’ Tourbillons, 
Meal powder 2lb. 4 0z. and charcoal 42 0z, 5) 


Eight-ounce Tourbillons, 
Meal powder 2lb.: and’ charcoal 4 262. 


Large Tourbillons. ges 
Meal powder 2lb. faltpetre 1, brimftone 8 oz, and 
beat iron 8. (OLB? : 
N.B. Tourbillons may be made. very large, and 
of different colour’d fires; only you are to obferve, that 
the larger they are, the weaker muft be the charge’ 
and, on the contrary, the {maller, the ftronger their 
charge. , eee | 


Water Balldons, ~ aq 
I. Saltpetre 4lb. brimftone 2, meal powder 23 anti- 
mony 40Z. faw duit 4, and glafs duft 12, 
Les Ul. 
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II. Saltpetre g!b. brimftone 3 1b. meal powder 61b. 
rofin 12 02. and garth 8 02. 


Vrter Squibs. 


I. Meal powder rlb:-and charcoal 11b. 
II, Meal powder.11b. and charcoal 9 oz. 


Mine Ports of Serpents. 
‘T. Meal powder rb: and charcoal i .0z.. 
II. Meal powder 9 0z. charcoal 1 oz. 


Port-fires for firing Rockets, &c. 


‘I. Saltpetre 12 0z. Denaibolds 4.0z. ahd meal powder 
may 

Il, Saltpetre 8:02. ‘brimftone 4 02 atid meal powder 
2 OZ, . 

III. Saltpetre 1 Ib. 2 oz. meal powder 14lb. and 
brimftone ro oz. This compofition: muft be moiftened 
with one gill of linfeed oi. 

IV. Meal powder 6 oz. faltpetre ab. 2 OZ. and 
brimftone 10 02. 

V. Saltpetre lb. 4 02 meal ‘powder 4 OZ. biimtone 

oz., faw duft 8 oz. 

VI. Saltpetre 8 02. “brimftone 2 0%. and meal. “pow- 
der 2 0z. 

Port-fires for Illuminations. 


Saltpetre 1 Ib. brimftone 5 OZ, and meal powder 6 oz. 


rpm or Sica Wheels. 


Saltpetre 1 #1b. brimftone 6 02. meal powder T4.0Z. 
and glafs duft fe OZ. 


Cannas or ‘Globes. , 


Saltpetre 6 oz, brimiftone 2 lbj’antimony.4 0z.,.and 
ei 2 OZ 4a lo 
| OM: 
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Air Balléon Fuzes. 


I. Saltpetre 11b. 10.02. brimftone 8 oz. and meal 


powder ilb. 60z. 
II. Saltpetre a £1b, brimftone- 8.02, and meal Powe 


der 1 1b. 8 oz, 


Serpents for Pots des Brins. 


Meal powder 11b. 8 0z, faltpetre 12 0z, and char 
coal 2 02, | ! 


Fire Pumps. 


J. Saltpetre sib. brimftone 11b. meal-powder, 1:4 Ib. 
and glafs duft 1 1b. 

I}. Saltpetre , 1b. 8 0z. brimftone 2lb. meal powder 
alb, 8 oz. and glafs duft 1 1b. 8 oz, 


A Slow White Flame, 


L Saltpetre 21b. fulphur 31b. antimony 1b, i 

IL. Saltpetre 3 4.1b. fulphur 2 $1b. meal powder rib. 
antimony i lb. glafs duft 4 oz. brafs duft 1 oz. 

N. B., Thefe compofitions, driven 44 inch in a 1oz.' 
cafe, will burn 1 minute, which is thitch longer time 
than an equal quantity of any compofition, yet 
known, will Jaft. 


Amber Lights. 


Meal powder 9 07. ambet 30z. This iat pay 
be drove in fmall cafes, for illuminations. 


Lights of another Kind, | 


Saltpetre 3b. brimftone 1!b. meal powder 1 lb. 
antimony 10302, Allthefe muft be mixed: with: the 


A 
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A Red Fire. 


Meal powder 31]b. charcoal 12°02. and faw du ft 
8 OZ. 
A Common Fire. 


Saltpetre 3ib, charcoal 10 oz. and brimftone 2 02. 


To make an Artificial Earthquake. 


Mix the following ingredients to a pafte with water, 
and then bury it in the ground, and in a few hours the 
earth will break and open in feveral places. The com- 
pofition: Sulphur 4 lb. and fteel duft 41>. 


Having laid down, under the preceding heads, the 
different compofitions ufed in fireworks by our modern 
artifts ; Ifhall, in the next place, give fome tables of 
charges that were formerly ufed, according to, the 
feveral accounts given by thofe authors from whom>they 
are collected: butif the reader willoconfider, he will . 
find the charges in thefe tables to be very uncertain, by 
comparing their method of determining the fize and 
weight! of, rockets, and the proportions of ingredients 
thereto, with the method taught in this work, which 
is fo plain, eafy, and certain, that I never yet knew it 
fail; anddoubt not, but that it willbe fo allowed by 
all who chufe to make the trial. 3 

The fabfequent> table is taken from: Siemienowicz, 
wherein are fpecified the different charges offky rockets, 
from 4 0z.to 100 !b.; the charges being calculated in 
proportion to the weight of a leaden, ball of the fame 
‘diameter as the bore of. each mould;: which bores are 
divided into incHes and lines,* and eachiline into p2 = 
parts, according to the French method. 


® A line is the Lath part of an inch, 


TAB. f 
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T AB. II, 
Rocket, &c. Charges. 


From a late French author*, who regulated his 
charges according to the interior diameter of 
the manic divided 1 into lines. 


Interior di- 
ameter of 


the mould, 








Lines. | 
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7 
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10 
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13 
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* ‘Traité des feux d’artifice, par M, F¥**. 
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T AB, IU. 


Sckb Vie 50 oC. Kick 
The charges adapted to the weight of compo- 
- fition im. each, -after: Hanzelet’s method; 


Compoti- -|- Powder Saltpe- | Brim- Char-. 
Suga & tre: ftone. | coal- 





Ib. OZ, Ib. oz. | 1b. oz. | Ib. oz. | Ibdoz. 
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TAB ve 


Charges for Sky-Rockets, 
From M. de Saint-Remy, improved by M. F***, 
Compofition for a Rocket of | 
2ieeCO ft ivi “AT | Sie 2 eo op rzoz. | 
CORRECTED 


By M. : | 
Pee, ibs] 11 oz. + Loz. | 60z. §dr. | 1072. he | 








Qe Ewe ff Gee 


Ibeoz.} Ib. oz. |. Ib. oz. 

Pow.2 0 ‘tego. eee 

Saltp.1 of 0 dae ae 12 

Brimft. 5 2 ae 

Chare. 4 3 | 
2 2 
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Mould Height, in Inches. 
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Diameter, in Inches and Lines, ° 


tiny]. | ri s Ul Pode fhe [~ 9 lines 


French Names for Sky Rockets.) 


Double Mar- © Marquife. ! Groffe de. Depeieahe | Fuliede Cai | 
quife. | | partement | 





Remarks | 
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Remarks on the foregoing Tables. 


Tn the firft, we find that the compofitions for all rock- 
ets under 1lb. are made chiefly of gunpowder and 
chatcoal, which method has been long proved erroneous 
in many refpects: firft, that rockets. made with fuch 
charges will not keep long without f{poiling ;. fecondly, 
that they are very uncertain in performing their proper 
effect ; thirdly, they will carry but a fhort tail, with a 
black and {moaky fire. 

We alfo find thofe charges for rockets above 1 1b, 
that are compcfed of faltpetre, brimftone, and charcoal, 
to be too {trong ; by which we fhould imagine that,, at 
the time when ‘they were ufed, the piercers wit not bear 
_the fame proportion to the rockets, as thofe. ufed by 
our prefent artifts; as it is on the fize of the cavity in 
the compofition, that the effect of the rocket and pro- 
portion of the charge depends: which I fhall endeavour 
- to fhew hereafter. | 

Table IL. is. given, by the author, as an improvement 
on the firft; wherein he takes notice of the charges 
being too many in number; he has theretore reduced: 
_ them to 7, which, according to his opinion, are 
fufficient for rockets of any fize: he alfo obferves, that 
the ingredients are exprefled in unequal . quantities ; 
which he has likewife laid. down in a more regular 
order. By the fame author’s account, rockets were 
made in France, not many years fince, with the com- 
 pofitions mentioned imhis table. I fhall not’ here pre- 
tend.to fay, that rockets were not made.with' the ch larges 
given i in the faid table; yet can affirm,. by, experience, 
that feveral of them | will not agree, with,our prefent 
moulds, 

As.to the method prefcribed in tables III. and IV. it is 
difficult to determine whether we thal] praife or condemn 
them, .as they were wrote when the ait! of making fire- 
works..was.in..its..infancy; as may be feen by ‘their 
{trange method of determining the proportion of ingres 
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dients, and weight of rockets, by the quantity of com- 
pofition contained in each cafe; which muft have 
required a very nice calculation ; for at that time they 
had not fixed upon an exact ‘length for rockets, but 
made them from 6 to g diameters long: all which dif- 
fer fo much from our modern practice, that I never 
thought it worth the trouble of making a trial; but am 
of opinion, that very few of the charges will anfwer. 

In the fifth Table, the compofitions are in proportion 
to the weight of the rocket, with its head and ftick, all 
complete; which head and ftick are equal to the weight 
of the rocket, according to the improvement made by 
M., F***, as in the fecond column from the top: he has 
alfo added the diameters to the moulds, in proportion 
to their height, allowing each 6 diameters, which fup- 
pofing to be right, the rockets will be nearly reduced to 
$ their weight given in the firft column. ~On ‘the 
charges in this table 1 have made no experiment, there- 
fore cannot recommend them as proof. 

Having given a variety of charges for fky-rockets, in 
the preceding tables, which are collectéd from ‘the 
principal authors on this fubject, together with remarks, 
[ fhall, in the next place, according to my promife of 
not omitting any thing that may be of fervice to the 
reader, add fome compofitions for rocket-ftars of feveral 
colours, as inferted by former authors. 


Compofitions for Stars of different Colours: 


I,. Meal powder 4 0z. faltpetre 2 oz. briniftone 2 oz, 
fieel duft 1 $.0z. and camphor, white amber, antimony, 
and mercury-fublimate, ofeach 4 oz. 

If. Rochepetre 10 0z. brimftone, charcoal, antimony, 
meal powder, and camphor, of each 3 oz. moiftened 
With oil of turpentine. Thefe compofitions are made 
into ftars, by being worked toa pafte with aqua vite, 
in which has been diflolved fome gum-tragacanth 3 and 
after you have rolled them in powder, make. a* hole 
through the middle of each, and ftring them on quick- 
match, leaving about 2 inches between each« i 


Jl. Salepetre 8 oz. brimftone 2 oz yellow amber 1 02, 
antimony i oz. and powder 2 oz. 

IV. Brimfltone 240z. faltpetre 6 0z. olibanum or 
frankincenfe in drops 4 0z.; maftick, and mercury- 
fublimate, of each 40z. meal powder 5 0z. white 
amber, yellow amber, and camphor, of each 1 oz. 
antimony and orpiment £ oz, each. 

V. Saltpetre ib. brimftone 1b. and’ meal powder 
& oz. moiftened with potrolio-oil. ) 

Vi. Powder 31b. brimftone and faltpetre, of each 
4 02 

VII. Saltpetre 40z. brimftone 2 oz. and meal pow- 
Cerioz. 


Stars that carry Tails of Sparks. 


I. Brimftone 6 oz. antimony crude 2 oz. faltpetre 
4 0Z. and rofin 4 oz, 

II, Saltpetre, rofin, and charcoal, of each 2-02. 
brimftone 1.02. and pitch 1 oz. 

Thefe compofitions are fometimes melted in anearthen 
pan, and mixed with chopped ‘cotton-match, before 
they are rolled into ftars, but will do as well if wetted, 
and. worked up in the ufual manner. 


Stars that yield fome Sparks. 


I, Camphor 2 02. faltpetre 1 oz. meal powder 1 02. 

II. Saltpetre 1 oz. ditto melted £0z. and camphor 
20z. When you would make ftars of either of thefe 
compofitions, you muft wet them with eum water, or 
{pirit of wine, in which has been diffolved fome eum- 
arabick, or gum-tragacanth, that the whole may have 
the confiftence of a pretty thick liquid; having thus 
done, take 1 oz. cf lint, and ftir it. about in. the com- 
pofition till it becomes dry enough to roll into fars. 


Stars of a yellowifh Colour. 


Take ‘4 02. “of gum-tragacanth or. cum-arabick, 
pounded and fifted through a fine fieve, camphor diffolved 
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in brandy 2 oz. faltpetre 1b. fulphur 3 tb. coarfe pow~ 
der of glafs 4 oz. white amber 1 3 02 orpiment 2 OZ» 
Being well incorporated, make them into ftars. after the 


common method. 


Stars of another Kind. 


Take 1]b. of camphor, and melt it ina pint of fpirit 
of wine over a flow fire ; then add to it 1lb. of gum- 
arabick that has been diffolved; with this liquor mix 11b. 
of faltpetre, 6 oz. of fulphur, and 5 oz. of meal pow- 
der; and after you have ftirred them well together, roll 
them into ftars proportionable to the rockets for which 
you intend them. 


Colours produced by the different Com- 
pofitions. 


As variety of fires adds greatly toa collection of works, 
it is neceflary that every artift fhould know the different 
effeé&t of each ingredient; for which reafon, 1 fhall 
here explain the colours they produce of themfelves ; 
and likewife how to make them retain the fame when 
mixed with other bodies: as for example, fulphur gives 
a blue, camphor a white or pale colour, {altpetre a 
clear white, yellow amber a colour inclining to yellow, 
fal-armoniac a green, antimony a reddifh, rofin a cop- 
per colour, and greek-pitch a kind of bronze or be- 
tween red and yellow. All thefe ingredients are fuch 
as fhew themfelves in a flame, viz. 


White Flame. 


Saltpetre, fulphur, meal powder, and camphor; the 
faltpetre muft be the chief part. 


Blue Flame. 
Meal powder, faltpetre, and fulphur vivum; fulphur 
mutt be the chieft or, meal powder, faltpetre, brim- 
| ftons, 


FIREWORKS. 26 
fone, {pirit of wine, and oil of fpike; but let the pow- 
der be the principal part. 


Flame inclining to Red. 


Saltpetre, fulphur, antimony, and greek-pitch; falt- 
petre the chief. 

By the above method may be made various colours of 
fire, as the practitioner pleafes ; for, by making a few 
trials, he may caufe any ingredient to be predominan 
in colour, 


Ingredients that fhew in Sparks when 
rammed in choaked Cafes. 


The fet colours of fire produced by {parks are divided 
into 4 forts, viz. the black, white, grey, and red: the 
black charges are compofed of 2 ingredients, which are 
meal .powder and charcoal; the white of 3, viz. 
faltpetre, fulphur, and charcoal; the orey of 4, viz. 
meal powder, faltpetre, brimftone, and charcoal 3 and 
the red of 3, viz. meal powder, charcoal, and faw 
duft. } 

There are, befides thefe 4 regular or fet charges, 
2, others, which are diftinguifhed by the names of com- 
pound and brilliant charges; the compound being made 
of many ingredients, fuch as meal powcer, faltpetre, 
brimftone, charcoal, faw duft, fea-coal, antimony, gla‘s 
duft, brafs duft, fteel filings, caft iron, tanner’s dutft, 
&c. or any thing that will yield fparks; all which mut 
be managed with difcretion. The brilliant fires are com- 
pofed of meal powder, faltpetre, brimftone, and fteel 
duit; or with meal powder and tleel filings only. 


Cotton Quick-match 


Is generally made of fuch cotton as. is put in can- 
dles, of feveral fizes, from 1 to 6 threads thick, accords 
ing to the pipes it is defigned for, which pipe mutt 
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be large enough for the match, when made, to be 
puthed in eafily without breaking it. Having doubled 
the cotton into as many threads as you think proper, 
coil it very lightly intoa flat-bottomed copper or earthen 
pan; then put in the faltpetre and the liquor, and 
boil them about 20 minutes ; after which coil it again 
into another pan, as in Fig. 4. and pour on it what 
liquor remains; then put in fome meal powder, and 
prefs it down with your hands, till it 1s Quite Wet 5 
afterwards place the pan before the wooden frame, Fig.5. 
which muft be fufpended by a point in the centre of 
each end; and place yourfelf before the pan, tyimg the 
upper end of the cotton to the end of 1 of the fides of 
the frame. 

When every thing is ready, you muft have ene to 
turn the frame round, while you let the cotton pats 
through your hands, holding it very lightly, and at the 
fame time keeping your hands full of the wet powder 5 
but if the powder fhould be too wet to ftick to the 
eotton, put more in the pan, fo as to keep a continual 
fupply till the match is all wound up; you! may wind 
it as clofe on the frame as you pleafe, fo that it does 
not ftick together; when the frame is full, take it. off 
the points, and fift dry meal powder on both fides the 
match, till it appears quite dry: in winter the match 
will be afortnight before it is fit for ufe; when it ts 
thoroughly dry, cut it along the outfide of one of the 
fides of the frame, and tie it up in fkains for ufe. 

N.B. The match muft be wound tight on the 
frames. 


Ingredients for the Match. 


Cotton ilb. 12 oz. faitpetre 1 lb. fpirit of wine 
2 quarts, water 3 quarts, ifinglafs 3 gills, and meal 
powder to lb. ‘To diffolve 4 oz. of ifinglafs, take 


2 pints of water: 


SEL T. 
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Secr. 11],—Sky-rocket Moulds. 


fA Sthe performance of rockets depends much on 
their moulds, it is requifite to give a definition of 

them and their proportions: They are made and pro- 
portioned by the diameter of their orifice, which are 
divided into == parts: as Fig 6. reprefents a mould 
made by its diameter AB, its height from C to D is 
6 diameters and 2 thirds: from D to E is the height of 
the foot, which is 1 diameter and 2 thirds; F the 
choak, or cylinder, whofe height is 1 diameter and 1-;d 
it muft be made out of the fame piece as the foot, and 
Gt tight inthe mould; G an iron pin that goes through 
the mould and cylinder, to keep the foot faft; H_ the 
nipple, which is $a diameter high, and 2-3ds thick, and of 
the fame piece of metal as the piercer I, whofe height 
is 3 3 diameters and at the bottom is1 3d of the diameter 
thick, and from thence tapering to 1-6th of the diameter: 
the beft way to fix the piercer in the cylinder, is to make 
that part below the nipple Jong enough to go quite 
through the foot, and rivet it at bottom. Fig. 7.18 @ 
former or roller for the cafes, whofe length, from the 
handle; is 7 $ diameters, and its diameter 2-2ds of the 
bore AB; & the end of the former, which is: of the 
fame thicknefs, and 1 diameter and 2-3ds long; the {mall 
part, which fits into the hole in the end: of the roller 
when. the cafe is pinching, is.1 6th and 4 of the mould’s 
diameter thick. Fig. g. the.firft drift,. which muft be 
6 diameters from the handle, and this as well as all 
other rammers muftbe a little thinner than the former, 
to prevent- the facking’6f the paper, when you are 
driving in the charge: in the end of this rammer is a 
hole to fit over the piercer ; the line K marked on this is 
2 diameters and 1-3d from the handle; fo that, when you 
are filling the rocket, this line appears at top of the 
cafe; you muft then take the 2d rammer, 10. which 
| from 
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from the handle is 4 diameters; and the hole for the 
piercer 1s 1} diameter long. Fig,11. is the fhort and 
folid drift which you ufe when you‘have filled the cafe 
as high as the top of the piercer. 

Rammers mutt have a collar of brafs at the bottom, 
to.keep the wood from fpreading or {plitting; and that 
the fame proportion be given to all moulds, from 1 02. 
to 6lb. I mentioned nothing concerning the handles of 
the rammers ; however, if their diameter be equal.to the 
bore of the mould, and 2 diameters long, it will be a 
very good proportion ; but the fhorter you can ufe them, 
the better;. for the longer the drift, the lefs. will be the 
preffure on the compofition, by the blow given with 
the mallet. 


Dimenfions for Rocket Moulds, in which 
the Rockets are rammed folid. 
































Weight Length of the Interior diameter Height of the 

of rock- | moulds with- : of the moulds nipples. 
ets. out their feet. 

Ib. oz = a ity sf Inches. | Inches 

5 0 3 8 | 395 | 155 

4 0 259 1,4. 

pA ie I : 5 Zu t 1, yao 

ro | $2525 1,7 0,85 

o 8 10,125 | tis:9 73hbo08 0,6 

Oo 4 75 1,125 055 

of gin flees 6,9 0,45 

oO © |] 49 27 0535 

Oa As 399 ff 955 025 

6 drams 325 | 055 0,225 

4. drams 252 0,3 O52 


The 
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The diameter of the nipple muft always be equal to 
that of the former. 

I have cmitted the thicknefs of the moulds, it being 
very immaterial, provided they are fubftantial and 
ftrong.- | 
[would not advife thofe who make rockets for pri- 
vate amufement, to ramthem folid, for it, requires a 
very fkillful hand, and an expenfive apparatus for boring 
them, which will be fhewn hereafter. Driving of 
rockets folid is the moft expeditious method, but not fo 
certain as ramming them over a piercer, which I have 
found: by experience. 


Moulds for Wheel Cafes or Serpents. 


Fig. 12. reprefents a mould, in which the cafes are 
drove folid; Lthe nipple*, with a point} at top, which, 
when the cafe is filling, ferves to ftop the neck, and pre- 
vent.the compotition from. falling out, which without 
this point i¢ would do; and, in confequence, the air 
would get into the vacancy in the charge, and at the 
time of firing caufe the cafe to burft. Thefe fort of 
moulds are made of any length or diameter, according 
as the cafes are required; but the diameter of the rollers 
muft be equal to half the bore, and the. rammers made 
quite folid. 


To roll Rocket and other Cafes. 


Sky-rocket cafes are to be made 6 3 of their exterior 
diameter long, and all other cafes that are to be fillec 
in moulds muft be as long as the moulds, within half 
its interior diameter. 

Rocket cafes, from the fmalleft to 4 or 6 pound, are 


generally made of the ftrongeft fort of cartridge paper, - 


* The nipple and cylinder to bear the fame proportion as thofe 
for rockets. 
+ Around bit of brefs, equal in length to the nick of the cale, 
and flat at she top, 
: and 























40 ARTDFICIAL 


and rolled dry; but the large fort are made of pafted 
pafte board. As itis very difficult to roll the ends of 
the cafes quite even, the beft way will be to keep a pat- 
tern of the. paper for the different forts of cafes, which 
pattern fhould be fomewhat longer than the cafe it is 
defigned for, and on it marked the number of theets 
tequired, which will prevent any paper being cut to 
wafte: having cut your papers of a proper fize, and 
the laft fheet for each cafe with a flope at one end, fo 
that when the cafes are rolledit may form a fpiral line 
round the outfide, and that this flope may always be the 
Jame, let the pattern be fo cut for a guide: before you 
begin to roll, fold down one end of the firft fheet, fo far 
that the fold will.go.2 or 3 times round the former ; 
then, on the double edge, lay the former with its handle 
off the table, and when you have rolled on the paper, 
within 2 or 3 turns, lay, on that part which is loofe, the 
next fheet, and roll it all on. 

Having thus done, you muft have a fincoth ‘Board, 
about 20 inches Jong, and equal in breadth to the 
leneth of the cafe; in the middle of this board muft 
bea handle placed length-ways; under this board lay 
your cafe, and let one end of the board lie on the table ; 
then prefs hardon it, and puth it forwards, which will 
roll the paper very tight; do this 3 or 4 times before 
you roll on any more paper: this muft be repeated every 
other fheet of paper, till the cafe is thick eneugh; but 
if the rolling board be drawn backwards, it will loofen 
the paper: you are to obferve, when you roll on the laft 
fheet, that the point of the flope be placed atthefmallend 
of the roller. Having rolled your cafe to fit the mould, 
pufh in the fmall end of the former F, about 1 diameter 
from the end of the cafe, and put in the end piece within 
a little diftance of the former; then give the pinching 
cord one turn round the cafe, between the former and 
the end piece ; at firft pull eafy, and keep moving the 
cafe, which will make the neck fmooth, and without 
Jarge wrinkles; when the cafes are hard to choak, let 
tach fheet of paper (except the firft and laft, in that 

| part 
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part. where.the neck 1s formed) be a little moiftened 
wath water: immediately after you have ftruck the 
concave ftroke, bindithe neck of the cafe round with 
fmail twine, which mufinot be tied ina knot, but faftened 
with 2 or 3 hitches. | 

Having thus pinchedand tied the cafe fo as notto give 
Way, putit into the mould without its foot, and witha 
mallet drive the former hardon the end piece, which 
will force the neck clofe and imooth ; this done, cut 
the cafe toits proper length, allowing from the neck 
to the edge of the mouth half a diameter, Which is = to 
the height of the nipple; then take out the former, and 
drive the cafe over the piercer with the long) rammer, 
and the vent willbe of a proper fize. Wheel) cafes 
mutt be drove on a nipple with a point, to elofethe neck, 
and make the vent of the fize required; which, in mok 
cafes, is generally 4% of their interior diameter: as it is 
very oft difficult, when the cafes are rolled, to draw the 
roller out, you. may make a hole through the handle, 
and put in ita {mall iron pin, by which you may eafily 
turn the former round, and pull it out. Fig,.17.fhews 
the method of pinching cafes; ta treddle, which, when 
prefled hard with the foot, will draw  thescord tight, 
and force the neck as clofe as you pleafe ; Q aimall 
wheel or pully, .with a groove round -it-for'the cord to 
run in. 

Cafes arecommonly rolled’ wet, for wheéls and fixed 
pieces ; and when they are required to contain a great 
length of charge, the method of making thofe cafes is 
thus: Your paper muft be cut as ufual, only the laf 
fheet muftnot be. cut with a flope; having your paper 
ready, pafte each ‘fhe t on onefide; then fold down the 
firft fheet as before directed, but be careful that the pate 


‘does not touch the upper part of the fold} ‘for if the 


roller be wetted, it will tear the paper in drawing it 
out: in pafting the latt-fheet, obferve not to wet the 
Jaft turn or 2 in that part where it isto be piached; for 
if that part be damp, the pinching cord will Rick ‘to it, 
and cear the paper; therefore, when you choak thole 
CaiesSs 

































































ii 


42 ARP ve PAL 
cafes, roll. bit of dry paper once round the cafe, before 


‘you put onthe pinching cord; but this bit of paper 


mutt be taken off after the cafe ischoaked. ‘The rolling 
board, and all other methods, according to the former 
directions for the rolling and pinching of cafes, muft be 
ufed to thefe as well as all other cafes. : 


To make Tourbillon Gafes. 


Thofe fort of cafes are generally made about .8 dia- 

eters long, but if very large, 7 will be fufficient: tour- 
Dillons will anfwer very. well from 40z. to 21b. but 
when larger there is no certainty. The cafes are beft 
rolled wet with pafte, and: the laft fheet muft havea 
trait edge, fo that the cafe may be all of a thicknefs:: 
when you have rolled your cafes, after the manner of 
wheel cafes, pinch them at one end quite clofe ; then, 
with the rammer, drive the ends down flat, and after- 
wards ram in about 1-3d of a diameter of dried «clay. 
The diameter of the former for thefe cafes muft be the 
fame as for fky rockets. 

N. B.2 Tourbillons are to» be rammed in moulds 
without a nipple, or ina mould without its foot. 


Balldén Cafes, or Paper Shells. 


Firft you mutt have. an oval former turned, of {mooth 


- wood ; then pafte a quantity of brown or cartridge paper, 


and let it lie till the pafte has quite foaked through; 
this done, rub the former with foap or greafe, to prevent 
the paper. from fticking toit; then lay the paper on in 
{mall flips, till you have made it 1-3d of the thicknefs 
of the fhell intended ; having thus done, fet it to dry, 
and when dry, cut it round the middle, and the 2 halves 
will eafily come off; but obferve, when you cut, to leave 
about 1 inch not cut, which will make the halves join 
much better than if quite feparated; when you have 
fome ready to join, place the halves even together, and 
pafte a flip of paper round the opening to hold them 

| together, 
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together, and let that dry; then lay on paper all over 
as before, every where equal, excepting that end, 
which goes downwards in the mortar, which may be 
alittle thicker than the reft; for that part which re- 
ceives the blow from the powder in the chamber of the 
mortar confequently requires the greateft ftrength: when 
the fhell is thoroughly dry, burn a round vent at top, 
with fquare iron, large enough for the fuze: this method 
will do for ballééns from 4 inches 2-s5ths, to 8 inches 
diameter; but if they are larger, or required to be thrown 
a great height, let the firft fhell be turned of elm, inftead 
of being made of paper. 

Fora balloon of 4 inches 2-s5ths, let the former be 
3 inches 1-8th diameter, and 5 4 inches long. For a 
balloon of 5.2 inches the diameter of the former muft 
be 4 inches, and 8 inches long. Fora balldén of 8 inches, 
let the diameter of the former be 5 inches and 15-16ths, 
and 11 inches 7-8ths long. Fora ro-inch ballddn, 
let the former be 7 inches 3-16ths diameter, ‘and 14 4 
inches long. The thicknefs of a hell for a balldén of 
4 inches 2-sths, muft be inch. For a balléén of 
53 inches let the thicknefs of the paper be 5-Sths of an 
inch, For an*8-inch balloon, 7-8ths of an inch. And 
for a 1o-inch balléén, let the fhell be 1 inch 1-8th 
thick. 

Shells that are defigned for ftars only, may be made 
quiteround, and the thinner they are at the opening, the 
better; for if they are too ftrong, the ftars are apt to 
break at the burfting of the fhell : when you are making 
the fhell, make ufe of a pair of calibres, or a round 
gauge, fo that you may not lay the paper thicker in one 
place than another; and alfo to know when the ‘hell 
is of a proper thicknefs. Balldéns muft always be made 
to go eafy into the mortars, 


Mixing Com pofitions. 


The performance of the principal part of fireworks 
depends much on the compofitions being well mixed ; 
| therefore 
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therefore great care muft be taken in this part’of the 
work, particularly for the compofitions for fky rockets. 
When you have 4 or 5 pounds of ingredients to mix, 
which is a fufflicient quantity at a time (for a larger pro- 
portion will not do fo well) firft put the different in- 
gredients together; then work them about with your 
hands, till’ you think they are pretty well incorporated : 
after which put them into a lawn fieve with a receiver 
and top toit; andif, after it is fifted, any remains that 
will not pafs through the fieve, grind it again till fine 
enough ; and if it be twice fifted, it will not be amifs : 
but the compofitions for wheels and common works are 
not fo material, nor need not be fo fine. But in all 
fixed works, from which the fire is to play regular, the 
ingredients muft be very fine, and great care taken in 
mixing them well together; and obferve that, in all 
compofitions wherein are fteel or iron filities, the hands 
muft not touch ; nor will any works, which have iron 
or ficel in their charge, keep long in damp weather, 
without being properly prepared, according to the fol- 
lowing directions. 


To preferve Steel or Iron Filings. — 


It fometimes may happen, that fireworks may beres 
quired to be kept a long time, or fent abroad ; neither 
of which could be done with brilliant fires, if made with 
filings unprepared ; for this reafon, that the faltpetre 
being of a damp aature, it caufes the iron’ to ruft, the 
confequence of which is, that when the works are fired, 
there will appear but very few brilliant fparks; but in 
ftead of them a number of red and drofly {parks ; and 
befides, the charge will be fo much weakened, that if 
this was to happen to wheels, the fire will hardly be 
ftrong enough to force them round: but to prevent fuch 
accidents, prepare your filings thus. Melt in a glazed 
earthen pan fome brimftone over a flow fire, and when 
melted throw in fome filings ; which keep ftirring about 
till they are covered with brimftone: this you muft do 

while 
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while it is on the fire; then take it off, and Mir it very 
guick till cold, when you muft roll it ona board witha 
wooden roller, till you have broke it as fine as corn pow- 
der; after which fift from it as much of the brimftone 
asyoucan. ‘There is another method of preparing filings, 
fo as to keep 2 or 3 monthsin winter; this may be done 
by rubbing them between the ftrongeft fort of brown pa- 
per, which before has been moiftened with linfeed: oil. 
N. B. If the brimftone fhould take fire, you may put 
itout, by covering the pan clofe at top: it is net of 
much fignification what quantity of brimftone you ufe, 
fo that there is enough to give each grain of iron a coats 
but as much as will cover the bottom of a pan of about 
1 foot diameter, will do for 5 or 6 pound of filings, or 


caftiron for gerbes. 


To drive or ram Sky Rockets, &c. 


Rockets drove over a piercer muft not have fo much 
compofition: put in them at atime, as when drove folid, 
for the piercer, taking up great part of the bore of the 
cafe, would caufe the rammer to rife too high ;, fo that 
the preffure of it would not be fo greaton the compofi- 
tion, nor would it be drove every where equal: to pre- 
vent which, obferve the following rule; that for thofe 
rockets, that are rammed over a piercer, let the ladle* 
hold as much compofition as, when drove, will raife the 
drift t the, interior diameter of the cafe, and for thofe 
drove folid to contain as much as will raife it£ the exterior 
diameter of the cafe: ladles are generally made, to go 
eafy in the cafe, and the length of the fcoop about 1§_ 
of its own diameter. 

The charge of rockets muft always be drove 1 diame- 
ter above the piercer, and on it muft be rammed 1-3d of 
a diameter of clay, through the middle of which borea 
{mall hole to the compofition, that, when the charge is 
burnt.to the top, it may communicate its fire, through 


*- & copper fcoop with a wooden handle, 
the 
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the hole, towhe ftars in the head: great care muft be 
taken, to ftrike with the mallet, and with an equal force, 
the fame number of ftrokes to each ladle-full of charge ; 
otherwife the rockets will not rife with an uniform mo- 
tion, nor will the compofition burn equal and regular ; 
for which reafon they cannot carry a proper tail, for it 
will break before the rocket has got half way up; in- 
ftead of reaching from the ground to the top, where 
the rocket breaks and difperfes the ftars, rains, or what- 
ever is contained in the head. When you are ramming, 
keep the drift conftantly turning or moving; and when 
you ufe the hollow rammers, knock out of them the 
compofition now and then, or the piercer will fplit 
them: to a rocket of 4 0z. give to each’ ladle-full of 
charge 16 ftrokes: to a rocket of 1 lb. 28: to a 
2-pounder, 36: to a 4-pounder, 42: and to a 6-pound- 
er, 56: but rockets of a larger fort cannot be drove well 
by hand, but muft be rammed with a machine made in 
the fame manner as thofe for driving piles, which are fo 
very common to be feen, that I fhall omit a.defcrip- 
tion. | 
The method of ramming of wheel cafes, or any other 
fort, in which the charge is drove folid, is much the . 
fame as fky rockets; for the fame proportion may be 
obferved in the ladle, and the fame number of  ftrokes 
given, according to their diameters, all cafes being di- 
ftinguifhed by their diameters: in this manner, a cafe 
whofe bore is equal to a rocket of 4 oz. is called a 4-02. 
cafe, and that which is equal to an 8-oz. rocket an 8-oz. 
cafe, and foon, according to the different rockets. 
Having taught the method of ramming cafes in moulds ; 
we fhall here fay fomething concerning thofe filled with- 
out moulds ; which method, for {trong patted cafes, will 
do extremely well, and fave the expence of making fo 
many motiuds. The reader muft here obferve, when he 
fills any fort of cafes, to place the mould on a perpen- 
dicular block of wood, and not on any place that is 
hollow ; for we have found by experience, that when 
cafes were rammed on driving benches, which were 
formerly 
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formerly ufed, the wotks frequently mifcarried, on aé- 
count of the hollow refiftance of the benches, which oft 
jarred and loofened the charge in the cafes; but this 
accident has_ never happened fince the driving blocks# 
have been ufed. 

When cafes are to be filled. without moulds, proceed 
thus ; have fome nipples made of brafs or iron, of fe- 
veral forts and fizes, in proportion to the cafes, and to 
{crew or fix in the top of the driving block; when you 
have fixed in a nipple, make, at about 1 2 inch from 
it, a fquare hole, inthe block, 6 inches deep and 1 inch 
diameter; then have a piece of waod, 6 inches longer 
than the cafe intended to be filled, and 2 inches {quare ; 
on 1 fide of it cut a groove almoft the length of the cafe, 
whofe breadth and depth muft be fufficient to cover near 
Z the cafe ; then cut the other end to fit the hole in the 
block, but take care to cut it fo that the groove may 
be of a proper diftance from the nipple: this half mould 
being made and fixed tight in the block, cut, in another 
piece of wood nearly of the fame length as the cafe, 
a groave of the fame dimenfions as that in the fixed 
piece ; then put the cafe on the nipple, and with a cord 
tie it and the 2 half moulds together, and your cafe will 
be ready for filling, : 

The dimenfions of the above defcribed half moulds, 
are proportinnable for cafes of 8 ounces; but notice 
muft be taken, that they differ in fize in proportion to 
the cafes, | 

Note, the clay, mentioned in this article, muft be 
prepared after this manner ; get fome clay, in which 
there is no ftones nor fand, and bake it in an oven till quite 
dry ; then taxe it out and beat it to a powder, and after-~ 


wards fift it through a common hair fieve, and it will be 
ht for.ufe. 


* A piece of hard wood in the form of an anvil block. 
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Proportion of Mallets. 


The beft wood for mallets is dry beech. I would 
have every practitioner know, that if he ufes a mallet 
ofa moderate fize, in proportion to the rocket, according 
to his judgement, and if that roclet fucceeds, he may 
depend onthe reft, by ufing the fame mallet; yet it 
will be neceflary that cafes of different forts be drove 
with mallets of different fizes. 

The following proportion of the mallets for rockets 
of any fize, from £0z. to ¢lb. may be obferveds but 
as rockets are feldom made lefs than 1 oz. or larger than 
61b. I fhall leave the management of them to the curi- 
ous; but all cafes under 1 0z. may be rammed with 
an oz. rocket mallet.’ Your mallets will ftrike more 
folid, by having their handles turned out of the fame 
piece as the head, and made in a cylindrical form: let 
their dimenfions be worked by the diameters of the 
rockets: for example; let the thicknefs of the head be 
3 diameters, and its length 4, and the length of the 
handle 5 diameters, whole thicknefs muft be in propcr- 
tion to the hand. 


Proportion of Sky Rockets, and Manner 
of heading them. 


Fig. 13. a rocket compleat without its ftick, whofe 
length from the neck is 5 diameters 1-6th; the cafes 
fhould always be cut to this leneth after they are filled : 
M the the head, which is 2 diameters high, and 1 dia- 
meter 1-6th?in breadth; N the cone or cap, whofe 
perpendicular height muft be 1 diameter 1 3-d. Fig. 14, 
the collar to which the head is fixed; this is turned out 
of deal or any light wood, and its exterior diameter mutt 
be equal to the interior diameter of the head; 1-6th 
will be fufficient for its thicknefs, and round the outfide 
edge muft be a groove; the interior diameter of the col- 
lar muft not be quite fo wide as the exterior diameter 

cf 
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of the rocket; when this is to be glued onthe rocket, you 
muft cut 2 or 3 rounds of paper off the cafe, which will 
make a fhoulder for itto reft upon. Fig. 15, a former 
for the head: 2.0r 3 rounds of paper well pafted will be 
enough for the head, which, when rolled, put the collar 
on. that part of the former marked O, which muft fir 
the infide of it's then, with the pinching cord* pinch’ the 
bottom of the head into the groove, and tie it with {mall 
twine, Fig. 16, a former for the cone. To make the 
caps, cat your paper in round pieces, equal in diameter 
to twice’ the length of the cone you intend to make ; 
which pieces being cut into halves, will make 2 caps each, 
without wafting any paper ; having formed the caps, 
paite over each of them a thin white paper, which muft 
be a little longer than the cone, fo as to project about 
zaninch below. the bottom: this projection of paper, 
being notched and pafted, ferves to faften the cap to the 
head. nig 

When you load the heads of your rockets with {tars, 
rains, ferpents, crackers, fcrolls, or any thing elfe, accord- 
ing to your fancy; remember always to put 1 ladle-full of 
meal powder into each head, which will be enough to 
burft the head, and difperfe the ftars, or whatever it con- 
tains > when the heads are loaded with any ‘fort of ‘cafes, 
fet’ theirymouths be placed downwards; and after the 
heads are filled; pafte on the top of them’a piece of paper, 

before you put on the caps. As the fize of ftars oft differ, 

it would be neediefs to give an-exaét: number for each 
rocket, but» this) rule ‘may ibe obferved, thatthe heads 
may be nearly filled:with whateverthey are loaded. 


Decorations for Sky Rockets. 


Sky rockets bearing the pre-eminence of all fireworks, 
if will not. be improper to treat of their various kinds of 
decorations, which are dires?ed according to fancy; fome 
are headed with ftars of different forts, ‘fuch as tailed, 
brilliant, white, blue and yellow ftars, &c. fome with 
eold.and filver rain; others with ferpents, crackers, fires 
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fcrolls,’ marrons; and fome with fmall rockets, and 
many other devices, as the maker pleates. 


Dimenfions and Poife of Rocket Sticks. 






Weight Length of | Thicknefs Breadth | Square at ‘Poife from, 
of the the ftick. ai top. at top, | bottom. [the point of 
rocket. the cone, 
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The laft columnon the right, 1n the above table, .ex- 
preffes the diftance from the top of the cone,, where the. 
ftick, when tiedon, fhould balance the rocket, fo as to 
ftand in an equilibrium on one’s: finger, or the edge of 
a knife.’ The beft wood: for the fticks is «dry, deal, 
made thus; when you. have cut and planed the fticks 
according to the dimenfions given in the table, cut om 
2 of the flat fides at top, a groove the length of the 
rocket, and as broad as the ftick will allew; then on. 
the oppofite flat fide, cut 2 notches for the cord, which 
ties on the rocket, to lay in; 1 of thefe notches muff be. 
near the top of the flick, and the other facing the neck 
of the rockets; the diftance between thefe notches may 
eafily be known, forthe top of the ftick fhould always 
touch the head of the rocket. When your rockets and 
Sticks are ready, lay the rockets in the grooves in the flicks, 

and. 


J 
and tie'them-on. Thofe who, merely for curiofityy may 


chufe tomake rockets of different fizes, to what I have ex- 
preffed inthe table of dimenfions, may find the length of 
their flicks,-by making them for rockets, from 10z. to 1b. 
60 diameters of the rocket long; and for rockets above 
rb. 50 of 52 diameters will bea good length ;-their thick« 
nefsat top: may beabout' 4a diameter, and their breadth 
a very little more; their {quare at bottom is generally equal 
to = the thicknefs at top. Bur, although the dimenfions: 
of the flicks be very nicely obferved; you muft depend 
only on their balance : for, without a proper; counter- 
poife, your rockets, inftéad-of mounting perpendicularly, 
will take an oblique direction, and fall’: to the ground 
before they are burnt! out, ) 


Boring Rockets which have «been deaves 


~~ folid. 


Plate 2, Fig. 18, reprefents the plan of an apparatus, 
orlathe, for boring of rockets y A the large wheel which 
turns the fmall- one B, that works the reammer’G: thefe 
reammers are of different fizes according to the rockets; 
they muft be of the fame diameter asthe topof the bore in- 
tended, and:continue that thicknefs a little Idnger than the: 
depth of the bore required, and their pointsmutt be like that 
ofan auger; the thick end of each reammer mut be made 
fquare, and all of the fainefize, fo as to fit into one focket, 
wherein they are faftened by a fcrew D: E the eude 
for the reammer; whichis made to move ba¢kwards and 
forwards 3 fo that, after you have marked the réammer 
3.4) diameters of the rocket from the point; fet the guide; 
allowing ‘for the thicknefs-of the fronts of the rocket: 
boxes; and the neck and mouth of the rocket, fo that 
when the front of the large box is'clofe to the guide, the 
reanimer May not go too far up:the charge. F, boxes 
for holding-the rockets, which are made fo as to fit one 
in another; their fides mut be equal im thicknefs to the 
difference of the diameters of the rockets; and their: ins 
terior diameters equal to the exterior diameters of the 
rockets, ‘I’o prevent the rockets turning round while 
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boring, a piece of wood ‘muft be placed againf the end 
of the box in the infide, and /prefled againft the tail of 
the rocket ; this will alfo hinder the reammer from forcing 
the rocket backwards. G, a rocket in the box.. H,a 
box that flides under the rocket boxes to receive the 
borings from: the rockets, which fall through holes made 
on purpofe in the boxes; thefe holes mutt be jult under 
the mouth of the rocket, one in each box, and all to 
correfpond with each other. 

Fig. 19, is a front view of the large rocket box. T], 
an iron plate, in which are: holes: of different fizes, 
through which the reammer pafles; this plate is faftened 
with a ferew in’ the centre, fo that when you change the 
reammer, you turn the plate round, but always Jet the 
hole you are going to ufe be at the botom: the fronts 
of the other boxes. muft have holes in them to correfpond 
with them in the plate. K, the lower part of the large 
box, which is made to fit the infide of the lathe, that all 
the boxes may move quite fteady. 

Fig. 20, is -a perfpective view of the lathe. L, the 
guide for the reammer, which is fet by the {crew at bot- 
tom. 

Fig. 21, aoview of the front ofthe guide facing the 
reammer.» M, an ircn plate, ofthe fame dimenfions as 
that on the front of the box, and placed in the fame di. 
rection, and alfo to turn on a f{erew in the centre. N, 
the rocket box, which flides backwards and forwards: 
when you have‘ fixed a rocket in the box, pufh it: for- 
wards againft the reammer; and when’ -yow think the 
fcoop of the reammer is full, draw the box back, and 
knock, out the compofition ; this you muft do: till the 
rocket is bored, or it will be incdangerof ‘taking fire ; 
and if you bore in a hurry, wet the end of the reammer 
now and then. with oil to keep it cool. | 

Having bored: a numbervof rockets, you. muft have 
taps of different forts according to the rockets. ‘Thefe 
taps are alittle longer thanthe bore, but when yowufle 
them marktherm 34 diameters from the point, allowing 
for’ the thicknefs of the rocket’s neck; then,» holding 

the 
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the rocket in one hand, you tap it with the other. . To ex: 
plain thefe taps, I have reprefented 1 by Fig. 22. They | 
are made in the fame proportion as the-fixed pie:cers, 
and are hollowed their whole length. 


Hand Machine wfed for boring of Rockets 
inftead of a Lathe. 








Thefe fort of machines anfwer very well, but not fo 
expeditious as the lathe, nor are they fo expenfive to 
make; they may be worked by 1 man; but the lathe will 
require 3. Fig. 23, reprefents the machine. O, the 
rocket boxes, which are ta be fixed, and not to flide as 
thofe in the lathe. P Q.are guides for the reammers, 
that are made to flide together, as the reammer ‘moves 
forward: the reammers for thefe fort of machines muft 
be made of a proper length. allowing for the thicknefs 
of the front of the boxes, and the length of the mouth 
and neck of the cafe: on the fquare end of thefe ream- 
mers, muf{t be a round fhoulder of iron, to turn againft 
the outfide of the guide Q, by which means the euides 
are forced forwards, RB, the ftock which turns the ream- 
mer, and while turning muft be preffed towards the 
the rocket, by the body of the man who works it: all 
the reammers. are to be madé*to fit 1 ftock. "This ma- 
chine as well as the lathe is made by the {eale in the 
fame place. | 


To make large Gerbes. 
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Fig. 24, reprefents a wooden former; 2h, a gerbe 
complete, with its foot or ftand. The cafes for gerbes 
are made very ftrong, on account of the ftrength of the 
compofition; which, when fired, comes out with ercat 
velocity ; therefore, to prevent their burfting, the paper 
thould be pafted, and the cafes made as thick at the top 
as at the bottom; they fhould alfo have yery long necks, 
for this reafon; firft, thatthe particles of iron will have 
more time to be heated, by meeting with greater refift- 
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in getting’out, than with a fhort neck, which would he 
burnt too wide before the charge be confumed, and fpoil 
the effect : Secondly, that with long necks the -ftars will 
be thrown to a great height, and wall not fall before they 
are {pent, or fpread. too much ; but, when made to per- 
fection will rife-and fpread in fuch a manner as to form 
exactly a wheat-fheaf. 

In the ramming of gerbes, there will be no need of 
a mould, the cafes being fufficiently ftrong to fupport 
themfelves; but you are to be careful, before you begin 
to ram, to have a piece of wood made to fit in the neck ; 
for if this be not done, the compofition will fall into the 
neck, .and leave a vacancy in the cafe, which, as I faid 
before, will canfe the cafe.to burft fo foon as the fire 
arrives at the vacancy: you muft likewife obferve, 
that the firft ladle of charge, or 2, if you think proper, 
be of fume weak compofition. When the cate is filled, 
take out the piece of wood, and fill the neck with fome 
flow charge. Gerbes are generally made about fix dta- 
meters long, from the bottom to the top of the neck ; 
their bore muft be 1-5th narrower at top than at bottom. 
The neck S is. 1-6th diameter and 3 lopg. T, a wooden 
foot or ftand, on which the gerbe is fixed. This may 
be made with achoak or. cylinder, 4 oF 5 inches long, 
to fit the infide of the. cafe, or with a hole in it to put in 
the gerbe; both thefe methods will anfwer the fame. 
Gerbes produce a moft brilliant fire, and are very beauti+ 
ful when a number of them are fixed inthe front of a 
building, or a colleétion of fireworks. 

N. B. Gerbes are made by their diameters, and their 
cafes at bottom thick. The method of finding the 
4nterior diameter of a .gerbe is thus: Suppofing you 
would have the exterior diameter of the cafe, when made, 
to.be 5 inches, then, by taking 2-4ths for the fides of 
the cafe, there will remain 2 4 inches for the bore, which 
will be a very good fize. Thefe fort of gerbes fhould 
be rammed very hard. 


Small 
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Small Gerbes, or White Fountains, 


‘May be made of 4, 802. or 1 lb. cafes, pafted and 
made very ftrong, of what length you pleafe ; ‘but, ‘be- 
fore you fill them, drive in dry clay 1 diameter of their 
orifice high; and, when you have filled a cafe, bore a 
vent through the centre of the clay tothe compofition; 
the common proportion will do for the vent, which muft 
be primed with a flow charge. Thefe fort of cafes, 
without the clay, may be filled with Chinefe fire. 


To make Pafte-board and Paper Mortars. 


Fig, 26, a former, and 27, an elm foot for the mortar; 
28, a -mortar complete; thefe mortarsare beft when 
made with pafteboard, well pafted before you begin ; 
or, inftead of pafte, you may ufe glue. Fora coehorn 
mortar, which is 4 inches 2-5ths diameter, roll the pafte- 
board on the former 1-6th of its diameter thick; and, 
when dry, cut one end fmooth and even ; then nail and 
elue it on the upper part of the foot; when done, cut off 
the pafte-board at top, allowing for the length of the 
mortar 24 diameters from the mouth of the powder 
chamber; then bind the mortar round with a ftrong 
cord wetted with glue. U, the bottom part of the foot, 
is 1 diameter 2-3ds broad, and 1 diameter high; and that 
part which goes into the mortar is 2-3ds of its diameter 
high. W, is a copper chamber for powder, made ina 
conical form, and is 1-3d of the diameter wide, 1 2 of its 
own diameter long; in the centre of the bottom of this 
chamber, make a fmall hole a little way down the foot; 


this hole muft be met by another of the fame fize, made 


in the fide of the foot, as is. fhewn in Fig, 28. If thefe 
holes are made true, and a copper pipe fitted into both, 
the mortar when loaded will prime itfelf, ‘for the pow- 
der will naturally fall to the ‘bottom of the firft hole; 
then by putting a bit of quick-match in the fide hole, 
your mortar will’be ready to be fired. 

~ gh | “Mortars 
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Mortars of 5 $,8, and ro inches diameter, may be madé 
of paper, or pafte-board, by the above method, and in 
the fame proportion; but if larger, it will be beft to 
have them made of brafs...N. B. The copper'chamber 
muft have a {mall rim round its edge with holes in it, 
for {crews to make it faft in the foot. 


SECT. I1V.—To load Air Ballééns, with 
the Number of Stars, Serpents, Snakes, 
Rain-falls, &c. in Shells of each Na- 
ture. ; 


ALLOONS being in great efteem, by admirers of 
fire works, I fhall give a full defcription of 
them. 
When you fill your fhells, you muft firft put in the 
ferpents, rains, ftars, &c. or whatever they are compofed 
of; then the blowing powder; but the thells muft not 
be quite filled ; all thofe things muft be put in at the 
fuze hole ; but marrons, being too large to go in at the 
fuze hole, mutt be put in before the infide thell be joined. 
When the fhells are loaded, . glue and drive in the fuzes 
very tight. Of thefe fuzes we fhall fay more hereafter ; 
but fhall here give the diameter of the fuze hole in bal- 
I5ons of each nature, which are,—For a coehorn balldén, 
let the diameter of the fuze hole be 7-8ths of an inch. 
For a royal ballédn, which is near « 4 inches diameter, 
make the fuze hole 1 inch 1-8th.diameter. For an 8-inch 
balloon, 1 inch 3-Sths: and for a 10-inch ballédn, 1 inch 
5-8ths. 
Having proceeded thus far with the directions of load- 
ing balldcns, I fhall in the fecond place give an account 
of the quantities and number of each article proper for 
fhells of each nature; but it is to be obferved, that air- 
balloons are divided into 4 forts, viz. firft, illuminated 
balloéns ; fecond, balldéns of ferpents; third, ne 
© 
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ef reports, marrons, and crackers; and fourth, com> 
pound balldons, 


Coehorn Balléddn illuminated, 


oz. 
ee powder ‘2 
Powder for the mortar eT, whens 2 


Length of the fuze compofition 2 of an inch: 1 07, 


drove or rolled ftars, as many as will nearly fill the 
fhell. | 


Coehorn Balléén of Serpents. 


C7. 

Corn $ Powe $i 
oat ee 

Powder for the mortar oe ——-- at 


Lengthof the fuze compofition 13 16ths'of an inch. 
% 0Z. cafes drove 3 diameters and: bounced 3 diameters ; 
and 4 oz. cafes drove 2 diameters and bounced 43 of each 


an equal quantity, and as many of themas will fit in 
eafily, placed head to tail. 


Coehorn Balléén of Crackers and Re- 


por ts. 
OZ. 
a ae powder, Onnodn Toit te Vf . 
Powder for the mortar sins 2 


Length of the fuze compofition 3 of an inch. Reports 
4, and crackers of 6 bounces, as many as will fill the 


Compound 
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Compound Coehorn Balloons. 


3 Oz. dr. 
Mey ) ne one I 4 
Corn SP owder — —— O 12 
Powder for the mortar = —— 2 4 


Length of the fuze.compofition 13 16ths of an inch. 
3 oz. cafes drove 3 } diameters and bounced 2, fixteen; 
3 oz. cafes drove 4 diameters and not bounced, 10. Blue 
ftrung ftars, 10. Rolled ftars as many as will complete 
the balloon. 


Royal. Balléoéns illuminated. 





oz. dr. 
Meal : — —— 1: 8 
Corn box der +] Reem eee. Oo 12 
Powder for the mortar 300 


Length ofthe fuze compofition 15 16thsoof an-inch. 
2 oz. ftrung ftars, 34: Rolled ftars as many as thesfhell 
will contain, allowing room for the fuze. 


Royal Ballodéns of Serpents. 


‘oz. dr. 
Meal Cc —— — 1 oO 
ae ower) omens ——- 1 8 
Powder for the mortar one 3 8 


Length of the fuze compofition 1 inch. 10z. cafes 
drove 3 3 and 4 diameters, and bounced 2, of each an 
equal quantity, fufficient to load the fhell. 


Royal 
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Royal Balloons with Crackers: and Mar- 








rons. 
: oz. dr, 
ay powder 3 BT RET . : 
Poewderfor firing the mortar ae 3 0 


Length of the fuze compofition 14 16ths of an inch ; 
reports 12, and completed with crackers of 8 bounces, 


Compound Royal Balloons, 





aie oz. dr. 
ea perenne I 

Corn gr owder ‘ 2 
Powder for the mortar 3 12 


Length of the fuze compofition 1 inch. 3 oz. cafes 
drove and bounced 2 diameters, &. 2 ounce cafes filled 
3-8ths of an inch with ftar compofition, and bounced 
2 diameters, 8. Silver rain-falls, 10. 2 0z. tailed flars, 
16. Rolled brilliant ftars, 30. If this fhould not be 
fufficient to loadthe fhell, you may complete it with gold 
rain-falls. 


Eight-inch Balloons illuminated. 








OZ. dr. 
Meal d : 2 8 
Corn { peNOr oo — 1 4 
Powder for the mortar 9 0 





Length of the fuze compofition 1 inch 1 8th. 2 oz. 
drove ftars, 48. 402. cafes drove with ftar compofition 
3 Sths ofaninch, and bounced 3 diameters, 12; and 
the balloon completed with 2 oz. drove brilliant ftars. 

Fight 
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Bight-inch Balloons of Serpents. 
OZ. dr. 
Meale sowder > Yi eae ¥ 
Powder for the mortar ———= —i-9 8 


Length of the fuze compofition 1 inch 3 16ths. 2 07. 
cafes drove 14 diameter, and bounced 2; and 1 oz. cafes 
drove 2 ciameters, and bounced 2 3; of each an equal 
quantity, fuffictent for the fhell. 

N.B. The ftar compofition drove in bounced cafes, 
muft be managed thus; firft, the cafes muft be pinched 
clofe at 1 end, then the corn powder put in for a report, 
and. the cafe pinched. again clofe to the powder, only 
leaving a {mall vent for the ftar compofition, ‘which is 
drove at top, to communicate to the powder at the bounce 


end. 
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Ballééns filled with crackers, reports, and marrons, 
make no great fhow of themfelves, nor are’they very 
pleafing to the eye, for they reprefent nothing more than 
a number of pale white flathes,. followed by a variety of 
reports; which all together make but a_very indifferent 
appearance, when fired with illuminated balloons, which 
are fo beautiful and brilliant, as to give fuch luftre as will 
dazzle the eyes of the {pectators for fome time. On this 
confideration,:I do not think it worth while loading fhells 
of a large nature with things that afford fo little plea- 
fure; but they have a pretty good effect in royal fhells, 
when thrown among a number of air works, fuch as pots 
des brins.or flights of rockets, in order to alarm the peo- 
ple with a thundering in the air. For they will not 
know from whence the reports came, if fired exactly at 
the fame time with the other works, and the fuze made 
to carry a fmall fire. But if any one thinks’ proper to 
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make large balloons of this fort, it is only obferving a 
proportion of the blowing and-firing powder, and the 
length of the fuze, for fhells of the fame dimenfions as 
thofe you intend to make. Thefe kind of ballddns are 
lighter than any other, by reafon of the craekers being 
light, and not lying clofe in the thells. » It muft be ob- 
ferved, when you fire light balloéns, not to put fo much 
powder in the mortar as for heavy. 


Pg 


Compound 8-inch Ballddns. 


07. dr. 


Meal —. ——- = gn 8 
Corn j powder $ nen ——. LTeT2 
Powder for the mortar tht — 9 


A. 


Length of the fuze compofition: 1-8th.. 4 0z. cafes 
drove with ftarcompofition 3-8ths of an inch, and bounced 
3g diameters, 16. 2 oz. tailed ftars, 16. 20z drove 
brilliant ftars, 12. Silver rain-falls, 20. 10z. drove blue 
{tars, 20: and"1 6z. cafes drove and bounced 2 diameters, 


as many as will fill the fhell. 


Another of 8 inches. 





aes 07. dr, 
Meal Peewee 2.8 
Corn : powder ; = ———~ 1 42 
Powder for the mortar Dino 


Length of the fuze compofition 1 inch 1 8th; crackers 
of 6 reports, 10. Gold rains, 14. 2 02. cafes drove 
with flar compofition 3 8ths of an inch, and bounced 
2 diameters, 15.2 oz. tailed ftars, 16. 2-0z.: drove 
brilliant ftars, 12. Silver rains, io. 1 oz. drove blue 
fiars,20: and 1 02. cafes drove with a brilliant charge 
2,diameters and bounced 3,.as many asthe fhell will 
hold. 


Another 
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Another of 8 inches. 
e oz. di’. 
Mea power § force hs 
Powder for the mortar —- ——9g ° 


Length of the fuze compofition 1 inch 1 16th. Crack~ 


ers of 6 reports, ro. Gold rains, 20. 2. oz. cafes 


drove with ftar compofition } an inch, and bounced 
2 diameters, 16. 2 oz. drove brilliant ftars, 2 oz. drove 
blue ftars, 2 0z. drove coloured ftars, 2 oz. drove tailed 
ftars, large itrung ftars, and rolled ftars, of each am 
equal, quantity, fufhcient.for the balloon. 


A. compound ro-inch Balloon. 


OZ. dr. 
Meal i a’ silencio cai 3 4 
Corn f papa? 3 a ——- 2.8 
Powder for the mortar —— Bde B, 


Length of the fuze compofition r5 L6ths of an inch. 
-10Z. cafes drove and bounced 3 diameters, 16. Crack- 
ers of 8 reports, 12. 4.0Z. cafes drove $ an inch with flar 
compofition, and bounced 2 di: meters, 14. 2 02. cafes 
drove with brilliant fire 1 2 diameter, and bounced 2 dia- 
meters, 16. 2 oz. drove brilliant ftars, 39. 2 0z. drove 
blue ftars, 30. Gold rains, 20. Silver rains 20. After all 
thefe are putin, fill the remainder of the cafe with tailed 
and rolled ftars. 


Ten-inch Ballé6n of 3 changes. 





OZ. te: 
Meal eee oO" 
Powder forthe mortar oo —~—=—ewe eee 13 OO 
Length 
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Length of the fuze compofition 1 inch. The fhell mut 
be loaded with 2 oz.) cafesy drove with ftar compofition 
3 ofaninch, and on that. 1 diameter of gold fire, then 
bounced 3 diameters; or with 2 oz. cafes firft filled 
1. diameter with gold-fire, them 2 of an, inch. with ftar 
compofition, and.on that.1 diameter and) 4 of brilliant 
fire. Thefe cafes muft be, well fecured. at top of the 
charge, left they:fhould take fire at both ends; but their 
necks mutt. be larger than the common proportion. 


Fo make Balléon Fuzes. 


Fuzes. for air ballddns are fometimes turned out of dry 
beech, with acup at top, to hold the quick-match, as 
you fee in Plate II. Fig, 28, but if made with pafted pa- 
per, they will do as well: the, diameter of the former 
for fuzes for coehorn balldéns, muftbetaninch; foraroyal 
fuze, 5 8ths of aninch; for an 8-inch fuze, 3 of an inch; 
and for a ro-inch fuze, 7 8ths of an inch. Having 
rolied your cafes, pinch and tie them almoft clofe at one 
end; then drive them down, and let them dry’; before you 
begin to fill them, mark, on the outfide of the cafe, the 
jength of charge required, allowing for the thicknefs of 
the bottorn ; and when you have rammed _ in the com- 
pofition, take 2 pieces of quick-match, about 6 inches 
Jong, and lay one end of each on the charge, and then 
a little meal powder, which ram down hard ; the loofe 
ends of the match double up into the top of the fuze, 
and cover it with a paper cap to keep it dry. When you 
put the fhells inthe mortars, uncap the fuzes, and pult 
out the loofe ends of the match, and let. them hang on 
the fides of the balljéns. The ufe of the match is, to 
receive the fiie ‘rom the powder in. the chamber of the 
mortar, in order to light the fuze: the fhell being put 
in the mortar with the fuze uppermoft, and. exaétly in 
the centre; f{prin.le over it a little meal-powder, and 
it will be ready to be fired. -Fuzes made of wood muf 
be longer than thofe of paper, and not bored quite 
through, but let: folid about ¥ aninch at bottom; and 

when 
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when you-ufe them, faw them off to a proper length, mea- 
furing the charge from the cup at top. 


Tourbillons. 


Having filled fome cafes within about 1 3 diameters 
drive ina ladte-full of clay, then pinch their ends clofe, 
and drive’ them down with a° mallet; whén done, find 
the centre of gravity of each cafe, where you nail and 
tie a ftick, Which fhould be an inch broad at the mid- 
dle, and run a little narrower tothe ends: thefe flicks 
mutt have their ends turned upwards, fo that the cafes 
may-turn horizontally on their centres: at the oppofite 
fides of the cafes, ateach end, bore a hole clofe to the 
clay with a gimblet, the fize of the neck of a common 
cafe of the fame nature; from thefe holes draw a line 
round the cafe, and at the under part of the cafe bore a 
hole, with the fame gimblet, within 3 a diameter, of each 
line towards the centre, then from one hole to the other 
draw aright line. This line divide into 3 equal parts, 
and at X and Y, Fig. 29, Plate III. bore a hole, then 
from. thefe holes to the other 2, lead a quick-match, over 
which pafte a thin paper. .. Fig. 30 reprefents a tourbil- 
ton as it fhould lieto be fired, with a leader from one 
fide hole A; to the other B. When you fire tourbillons, 
lay them on a fmooth table, with their fticks downwards, 
and burn the leader through the middle with a port fire. 
They fhould fpin 3 or 4 feconds on the table before 
they rife, which is. about the time the compofition will 
be burning, from the fide holes to thofe at bottom. 

Totourbillons may be fixed reports, in this manner : 
in the centre of the cafe at top, make a fmall hole, and 
in the middle of the report make another; then place 
them together, and tie on the report, and with a fingle 
paper fecure it from fire: this done, your tourbillon is com- 
pleated. By this method you may fix on. tourbillons, 
{mall cones of ftars, rains, &c. but be careful not to load 
them too much. 1 8tk of aninch will be enough for 
the thicknefs of the fticks, and their length equal to that 
of the cafes, 

To 











To make Mortars to throw Aigrettes, and 
to load and fire them. | - 


Mortars to throw aigrettes are generally made 3 pate 
board, of the fame thicknefs as ballé n mortars, and 2 
diameters long in the infide from the t. p'of the eis : 
the foot'mus be: made éfelin without a chamber, but 
flat at top, and in the fame proportion as thofe for bal- 
lion mortars; thefe mortars muft alfo be bound round 
with cord as before mentioned :' fometimes 8 “or 9 of 
thefe mortars, of about 3 or 4 inches diameter, are’ bound 
all together fo as to appear but 1°: but La Rler they “are 
made for this purpofe, the bottom of the foot muft be 
of the fame diameter as the mortars, and only 2 a diaé 
meter high. Your mortars being bound well togecher, 
fix them on'a h@vy folid block of wood! t6 load: thefe 
mortars, firft put on the infide bottom of each, a piece of 
paper, and on it'{pread : £ 0z. of meal and corn powder 
mixed ; then tie your ferpents up in parcels with quick- 
match, and putthem inthe mortar with their mouths 
dbithiwards's ; but take care the parcels do not fit too 
tight-in the mortars, and that all the ferpents have been 
well primed with powdet wetted with fpirit of wine: 
on the topof the ferpents in each mortar lay fome paper 
or tow; then carry a leader sae one mortar ‘to~the 
other all round, and then. from allthe outfide mortars 
into thatin the middle: thel leaders mutt be put 'be- 
tween the cafes and the fides, of the mortar, down to the 
powder at bottom: in the centre of the middle mortar 
fix'a fire-pump, or brilliant fountain, which muft be open 
at bottom, and long enough to project out of the mouth 
of the mortar ; then pafte paper on the tops of all the 
mortars. 

Mortars thus prepared are called a Neft of S rpents, 
as reprefented by Fig. 31. “When you would fire thete 
mortars, li¢ht thefire-pump C, which when confumed 
will communicate 'to all the mortars at once, by means 
of the leaders. [For mortars of 6, 8, or 10 “inches dia- 
i) meters 
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meter, the ferpents fhould be made in 1 and 2 oz. cafes, 
6or 7 inches long, and fired by a leader, brought out of 
the mouth of the mortar, and turned down the outfide, 
and the end of it covered with paper, to prevent the 
{parks of the other works from fetting it on fire... For a 
6 inch mortar, let the quantity of powder for firing be 
o oz. fot an $-inch, 2 3.0z. and fora 10 inch, 3 g0z. Care 
mutt be taken in thefe, as well. as{mall mortars,,not to put 
the ferpents in too tight, for fear, of bur!\ing the mortars. 
Thefe mortars may be loaded with ftars, crackers, &c. ; 

If thé -mortars, when loaded, are to be fent..any. di- 
ftance, or liable to be much moved, the firing, powder 
fhotld be fecured from getting among{t the ferpents, 
which would endanger the mortars, as well as hurt their 
performance ; to prevent which, load your mortars thus : 
firft put in the firing powder, and {preadat equally 
about ; then cut a round piece of blue touch-paper, 
equal to the exterior diameter of the mortar, and draw on 
4t acircle, equal tothe interior diameter of the mortar, 
and notch it. all round as far as that circle; then pafte 
that part which is notched, and put it down the mortar 
clofe to the powder, and ftick the pafted edge. to.the 
mortar; this. will keep the powder . always. {mooth.at 
bottom, fo.that it may be moved or carried .any.where, 
without receiving damage. ‘The large fingle mortars are 
called Pots des Aigrettes. : 


Making, loading, and firing of Pots: des 
Brins.: 9 ign 

Thefe.are made of pafte-board, and, mutt be, rolled 
pretty thick; ufually made 3 or 4 inches diameter, and 
4 diameters long, and pinched with a neck at.one end, 
like common cxfes. A number of thefe are placed on a 
plank thus: having fixed on a; plank 2 rows of wooden 
pegs, cut, in the bottom of the plank, a,groove. the 
whole length undereach row of pegs; then, through : 
the centre of each peg, bore a hole down. to the groove 
a 
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at bottom, and on every peg fix and glue a.pot, whofe 
mouth muft fit tight on. the peg: through all the-holes 
run a quick-match, one end of which muft go into the pot, 
and the other into the groove, which muft have a match 
laid in it from end to end, and covered with paper, fo that 
when lighted at one end,it may difchargethe whole almoft 
inftantaneoufly : in all the pots put ‘about 102; of meal and 
corn powder 5 then in fome put ftars, ‘and others rains, 
fnakes, ferpents, crackers, &c. when they are all loaded, 
patte paper’ over their mouths. 2°or zoo of thefé pots 


being fired together, make a very pretty fhowy | by'afford- 


ing fo great a ivariety of fires.’ Fix’ 92 isa ranoe of pots 
des brins, with'the leader A,’by which they ‘are ‘tired. 


Pots des Sauciffons’ 


Are generally firedout of laro'e mortars: without cham- 
bers, the fame as. thofe for'aigrettes, only fomewhat 
ftronger: fauciffons are made of 1 and 2:6z. cafes, 5 0r6 
inches long, and choaked in the fame mianer as ferpents : 
half the number which the -mortar'containsy muftbe 
drove. 1 4 diameter with’ compofition, and the other-half 
2 diameters, fo that when fired they may give 2 volleys 
of reports ; ‘but if the mortars are very {trong, and will 
bear a fufficient charge, to throw the:fauciflons very 
high, you may make 3 volleys of reports, by dividing 
the number of cafes into. 3 parts, and making: ao dif- 
ference in the height of the charge: after they are filed, 
pinch and tie: them attop of the charge, valmoft: clofe ; 
only leaving’a‘{mall vent to communicate the fire'to the 


“uppef part of! the cafes: which muft be filled >with ¢orn 


powder very near the top; then pinch the end quite clofe, 


and tie it; after this is done, bind the cafe very tight 


with waxed packsthread, fromthe Cloak at top of the 
compofition, to the end of the cafe; this will make the 


cafe very itrong in that part, and caufe the report to be 
very loud: faucifions fhould be rolled .a littlethicker of 
paper than the common proportion. When they are 
to be put in the mortar, they muft be primed in their 

Ea | mouths. 
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mouths, and fired by a cafeof brilliant fire fixed mm 

their centre. Oi 
The charge for thefe. mortars fhould be 1-6th, of 

18th, more than for pots des aigrettés of the farne 

diameter. 


To fix one Rocket on the Top of another. 


When fky rockets are thus managed, they are called 
Towering Kockets, on account of their mounting fo very 
high. Towering rockets are made after this manner 5 
fix ona poundrocket a head without a collar; then take 
a 4 0z.-rocket; which may: be headed-or bounced, and 
rub the mouth of it with'meal powder,wetted with {pirit 
of wine; when done, put it in the head of the large 
rocket with its mouth downwards; but before you put 
it in, ttick a bit of quick-match in the hole in the clay 
of the pound rocket, which match fhould be long-enough 
togova little way upthe bore of the fmall rocket, to fire 
it, when the large is burnt out: the 4 02. rocket being 
too {mall-to fill the head'of the’ other, roll round it as 
much tow as will make it {tand upright in the centre of 
the head: the rocket being thus fixed, pafte a fingle paper 
round the opening of the top of the head of the large 
rocket. The large rocket muft have only half a diameter 
of charge rammed above the piercer, for, if filled to the 
ufual height, it would turn before the fmall one takes 
fire, and entirely deftroy the intended effect: when one 
rocket is headed with another, there will be no occafion 
for any blowing powder; for the force with which it fets 
off, will be fufficient to difengage it frora the head of the 
firft fired rocket. “The fticks for thefe rockets muft be 
a little longer than for thofe headed with fiars, rains, &c. 


Caduceus Rockets, 


In tifine, form 2 fpiral lines, or double worm, by rea- 
fon of their being placed obliquely, one oppofite the 
other 5 
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ether; and their counterpoife in their centre, which 
caufes them to rife in a vertical direction. Rockets for 
this purpofe muft have their.ends choaked clofe, without 
either head or bounce; fora weight at top, would be 
a great obftruction to their rnounting; though I have 
known. them: fometimes to be bounced, but then they 
did not rife fo high as thofe that were not ; nor do any 
Caduceus rockets afcend fo high as fingle, becaufe of 
their ferpentine motion, and likewife the refiftance of 
air, which is much ereater than 2 rockets of the fame 
fize would meet with, if fired fingly. 

By Fig. 33. you fee the method of fixing thefe rockets: 
the fticks for this purpofe muit have all their fides equal, 
which fides fhould be equal to the breadth of a ttick 
proper for a fky rocket of the fame weight as thofe you 
intend to ufe, and to taper downwards as ufual, long 
enough to balance them, 1 length of a rocket, from 
the srs flick; which muit.be placed from the laree 
Mick): ne acids of 1 of the rockets, and_ its length 
7 diameters; fo that each rocket, when tied on, may form 
with the large flick an angle of.6o degrees. In tying 
on the rockets, place their “heads on’the oppofite fides 
of the crofs‘ftick, and thei ends on the oppofite fides 
of the long flick; then carry a leader from the mouth of 
one into that of the other. “Whenthefe rockets are to 
be: fired,’ fufpend them between 2 hooks or ‘nails, then 
burn ‘the leader through the middle, and both will take 
fire at the fame time. Rockets of 1 1b, are a good fize 
for this ufe. 


Honorary Rockets 


Are the fame as fky rockets, except that they carry 
a head. nor report, but are clofed:at top, on which is 
xed a cone ; then on the. cafe, clofe to the top of the 
ihc! <,syoutea 20%. cafe; abouts or 6 incheslong, filled 
with-a: ftrong! charge, and pinched clofe at both ends 5 
then in the reverfe fides, at-each end, bore» achole in the 
fame manner as in tourbillons; con each hole carry a 
Fg leader 
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leader into the top of the rocket. When the rocket is 
fired, and arrived to its proper height, it will give fire 
to the cafe at top, which will caufe both rocket and 
flick ‘to {pin very faft in their return, and reprefent 
a worm of fire, defcending to.the eround. 

There is another method of placing the fmall cafe, 
whichis by letting the flick rife a little above the top 
of the rocxet, and tying the cafe to it, fo as to reft on 
the rocket: thefe rockets have no cones. 

There is alfo.a third method, by which they are 
managed, which is thus: in the top of a rocket fix a 
piece of wood, in which drive a fmall iron fpindle; then 
make a hole .in the middle of the fmall cafe, through 
which put the fpindle ; then fix on the top of it a nut, 
to keep the cafe from falling off; when this is done, the 
cafe will turn very faft, without the rocket: but this 
method “does not anfwer fo well as either of the for- 
mer. 

Fig. 24. isthe honorary rocket complete. The beft 
fized rockets for this purpofe are thofe of 11b. 


To divide the Tail of a Sky Rocket fo 


as to form an Arch when afcending. 


Having fome rockets’made, and headed according 
to fancy, and tied.on their flicks; get fome fheet tin, 
and cut it into round pieces about 3 or 4 inches diame- 
ter; then onthe ftick of each rocket, under the mouth 
of the cafe, fix 1 of thefe pieces of tin, 16 inches from 
the rocket’s neck, and fupport it by a wooden bracket, 
as ftrong as poffible: therufe of this is, that when the 
rocket is afcending, the fire will play with great, force 
on the: tin, which will divide the: tail in fuch a‘manner, 
that it will form an arch as it: mounts, and ‘will have a’ 
very good effect when well managed: if there 'isafhort 
piece of port-fire, of a ftrong charge, :tied to the end of: 
the ftick, it:will make a great addition ;> but this mutt 
be lighted before you fire the rocket. 
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Tortialee feveral Sky Rockets rife in thé 
fame direction, and equally diftant from 
- each other. 


Take 6 or any number of fky rockets, of what fize 
you pleafe; then cut fome ftrong pack-thread: into 
pieces of 3 or ‘4 yards long; and tie each end of thefe - 
pieces toa rocket in this manner. Having tied one end 
of your pack-thread round the body of one rocket, and 
the other end to another; take a 2nd piece of pack- 
thread and make one end of it faft. to one of the rockets 
already tied, and the other end to a 2d rocket, fo that all 
the rockets, except the 2 outfide, will be faftened to 
2 pieces of pack-thread: the length of thread from one 
rocket to the other, may be what the maker pleafes; 
but the rockets muit be all of a fize, and their heads 
filied with the fame weight of ftars, rains, &c. 

_ Having thus done, fix in the mouth of each rocket 
a leader of the fame length; and, when you are going 
to fire them, hang them almot clofe ; then tie the ends 


_of the leaders together, and prime them: this prime 


being fired, all the rockets will mount at the fame time, 
and divide as far as the ftrings will allow; which divifion | 
they will keep, provided they are, all rammed. alike, 
and well made. They are called, by. fome, Chained 
Rockets. | 


Signal Sky Rockets 


Are made of feveral kinds, according. to the different 
fignals intended to be given: but in Artificial Fireworks, 
2 forts are only,uled, which are one with reports, and 
the other without; bu< thofe for the ufe.of the Navy and 
Army are headed with ftars, ferpents, &c, Rock- 
ets which are to be bounced, muft have their cafes made 
1 Zor 2 diameters longer than the common proportion, 
and 
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and, after they are filled, drive in a double quantity of 
clay; then bounce and pinch them, after the ufual:man- 
ner, an. fix on each a cap. 

Signal fky rockets without bounces, are only fky 
rockets clofed and capped: thefe are very light, therefore 
do not require fuch heavy fticks as thofe with loaded 
heads; for which reafon, you may cut one length of 
the rocket off the ftick, or elfe make them thinner. 

Signal rockets with reports, are fired in fmall flights; 
and oft both thefe, and thofe without reports, are uted 
for a fignal to begin firing a collection of works. 


To fix'two or more Sky Rockets on one 


ftick. 


Two, 3, or 6 fky rockets, fixed on 1 ftick, and fired 
together, make a grand and beautiful appearance; for 
the tails of all will feem but as one of an immenfe fize, . 
and the breaking of fo many heads at once will re- 
femble the burfting of an air balloon; but the manage- 
ment of this device requires a fkilful hand; therefore, 
for the encouragement of thofe who are fond of curious 
performances, | fhall give fuch inftructions, that, if 
well obferved, even by thofe who have not made a great 
progrefs in this art, there will beno doubt of the rockets 
having the defired effect. | ea 

Rockets for this purpofe muft be made with the 
greateft exa¢tnefs, all rammed by the fame hand, in 
the fame mould, and out of the one proportion of com- 
pofition; and after they are filled and headed, muft all 
be of the fame weight: the ftick muft alfo be well made, 
(and prcportioned) to the following directions: firft, fup- 
pofing your rockets to be ¥ pounders, whofe fticks are 
6 feet 6 inches long, then if 2, 3, or 6 of thefe are to 
be fixed on 1 ftick, let the length of it be 9 feet 9 inches ; 
then cut the top of it into as many fides, as there are 
rockets, and let the length of each fide be equal to the 
Jenoth of 1 of the rockets without its head; and in each 


fide cut a groove, (as ufual); then from the grooves 
plane 
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plane it round, down to the bottom, wheré its thick- 
nefs muft be equal to half the top of the round part. 
‘As their thicknefs cannot be'exactly afcertained, I thall 
give arule which generally anfwers for any number of 
rockets above two : the rule is this; that the ftick at top 
mutt be thick enough, when the grooves are cut, for all 
the rockets ts lie, without ‘preffing each other, though 
as near as poffible. : 

When only 2 rockets are to be fixed on-1 ftick, let the 
Jength of the ftick be the laft given proportion, but 
fhapedafter the common method, and the breadth and 
thicknefs, double the dimenfions given in the T'able, 
page 50. ‘Lhe point of poife muft bein the ufual place, 
(let the number of rockets be what they will:) if fticks 
made by the. above directions fhould be too heavy, 
plane them thinner; and if too light,, make them 
thicker; but always make them of the fame length. 

When more than two rockets are tied on one ftick, 
there will be fome danger of their flying up without 
the ftick, unlefs the following precaution is taken ; for 
cafes being placed on all fides, there can be no notches 
for the cord which ties on the rockets to lie in; 
therefore, inftead of notches, drive a {mall nail, in each 
fide of the flick, between the necks of. the cafes; and 
Jet the cord, which goes round their necks, be brought 
clofe under the nails; by this means the rockets will be 
as fecure, as when tied on fingly. .Your rockets being 
thus fixed, carry a quick-match, without a pipe, from the 
mouth of onerocket to the other; this match being 
lighted will give fire to all at once. 

Though the directions. already given may be fuffi- 
cient for thefe rockets, I fhall here add an improvement 
of my own, on a very effential part of this device, 
which is, that of hanging the rockets to be fired; for 
before T hit upon the following method, many of my 
ellays proved unfuccefsful ; but to prevent fuch per- 
plexities, inftead of the old and common manner of 
hanging them on nails or hooks, make ufe of this con- 


trivance: have aring made of ftrong iron wire, large 
enough 
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enough, for, the fick to go in, a$ far as the mouths’ of 
the rockets ; then.Jet this ring be fupported by a. {mall 
iron, at fome diftance from the pot or ftand: to which 
it is fixed, then have another ring, fit to. receive and 
guide the {mall end of the ftick. Rockets thus fufpended 
will have, nothing to obftruct their fire; but when they 
are hung..on. nails, or hooks, in fuch a manner, that 
fome of their mouths are againft or upoma rail, there 
can, be no certainty of their rifing in a vertical direétion. 


To. fare Sky-rockets without Sticks. 


You muft have a ftand, of a block of wood, a foot 
diameter, and make the bottom. flat, fo th t it, may 
ftand fteady ; 1n. the centre of the top of this, block 
draw a citcle 2 4 inches diameter, and divide ‘the cir- 
cumference of itinto 3 == parts; then take 3, pieces of 
thick iron wire, each about 3 feet long, and drive them 
into the block, 1 at each point made on the circle; 
when thefe wires are drove in deep enough to hold them 
faft, and upright, fo that the diftance from one to 
the other isthe fame at top as at bottom, the ftand is 
complete. 

The ftand’ being thus made, prepare your rockets 
thus : take fome common fky-rockets, of any fize, and 
head them as you pleafe; then get fome balls of lead, 
and tie to each a {mall wire, 2 or 2 + feet long, and 
the other end of each wire tie to the neck of a rocket: 
thefe balls ‘anfwer the purpofe of fticks, when made of a. 
proper weight, which is about 2-3ds the weight of the 
rocket; but when they are of a. proper fize, they 
will balance the rocket in the fame manner as a ftick, 
at the ufual. point of poife. To firé thefe, hang them, 
one at a time, between the tops of the wires, letting 
their heads reft on the point of the wires, and the balls 
hang down between them: if the-wires fhould be too 
wide for the rockets, prefs them together, till they fit, 
and if too.clofe, force them open: the wites. for this 
purpofe muft "be. foftened, fo as not to have any fpring, 
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or they will not, keep theirpofition, when preffed clofe 
or opened, 


Rain-falls for Sky-rockets, Double and 
| Single, 


Gold and,filver rain. compofition are drove in cafes 
that are pinched quite clofe at one end: if you roll them 
dry, 4 or 5 rounds of paper will be {trong enough, ‘bur 
if they are pafted, 3 rounds will do; andthe thin fort 
of cartridge paper is beft for thofe {mall cafes, which 
in rolling you muft not turn down the infide edge, as in 
other cafes, for a double edge would be too thick for fo. 
{mall-a bore. The moulds for rain-falls fhould be made 
of brafs, and turned very fmooth in the infide ;. or the 
cafes, which are fo very thin, would tear in coming outs 
for the charge muft be drove in tight; and the better 
the cafe fits the mould, the more driving it will bear. 
Fhefe moulds have no nipple, but inftead of which 
they are made flat: as it would be very tedious and 
troublefome to fhake the compofition out of fach {mall 
ladles, as are ufed for thefe cafes, it will be neceffary to 
have a funnel, made of thin tin, to ft on the top of the 
cafe, by the help of which you may fill them very faft. 
For fingle rain-falls for 4 oz. tockets, let the diameter 
of the former be 2 16ths of an inch, and the leneth of 
the cafe 2 inches; for 8 oz. rockets, 4 16ths, and 2 dia- 
meters of the rocket long; for 11b.' rockets, 5 1 6ths, and 
2 diameters of the rocket long;. for 2 lb. rock«ts, 5.16ths, 
and 3 4 inches long; for 4 lb. rockets,. 6. i€ths, .and 
4 3,inches long ; and for 6-pounders, 7. 16ths' diameter, 
and 5 inches Jong, | 

Of double rain-falls there are 2 forts; as, for example, 
fome appear firft-like a ftar, and then as rain; and.fome 
appear firft as rain, ahd then like a ftar: when you. would 
have ftars firft, you mutt fill the cafes, within. tan inch 
of the top, with rain compofition, and the remainder with 
flar compofition ;_ but when you intend, the rain fhould 
be firft, drive the cafe t an inch with ftar. compofition, 


and 
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the reftwith rain. By this method may be made many 
changes of fire; for in large rockets you may make 
them firft burn as flars, then rain, and again as ftars ; 
‘or they may: firft fhew rain, ‘then ftars,:and finifh with 
a report; but when they are thus managed, cut open 
the firft-rammed end; after they are filled and bounced, 
at which- place prime them. The ftar compofition 
for this purpofe muft be a little ftronger ‘than’ for 
rolled ftars, + 


Strung Stars. 


Firft take fome thin paper, and cut it into pieces of . 
1 2 inch fquare, or thereabouts; then on each piece lay 
as much dry ftar compofition as you think the paper 
will eafily contain; then twift up the paper as tight as. 
you can; when done, rub fome pafte on your. hands, 
and roll the ftars between them; then. fet them to. dry: 
your ftars being thus made, get fome flax or fine tow, 
and roll alittle of it overeach ftar; then pafte your hands 
and roll the ftars as before, and fet them again to dry; 
when they are quite dry, with a piercer make a hole 
through the middle of each, into which run a cotton 
quick-match, long enough to hold to or. 12 ftars, .at., 
3 or 4 inches diftance: but any number of {tars may be 
ftrung together by joining the match, 


Tailed. Stars. 


Thefe are called tailed ftars, becaufe there are a great 
number of {parks iffue from them, which reprefent 
a tail like that of a comet. Of thefe there are two forts, 
which are Rolled and Drove: when rolled, they muft be 
moiftened’ with a liquor made of half'a pint of {pirit 
of wine, and half a gill of thin fize, of this as much 
as will wet the compofition enough to make it roll eafy;:, 
when they are rolled, fift meal powder over. them, and 
fet them to dry. | 

When tailed {tars are drove, the compofition muff 
be moiftened Avith fpirit of wine only, and not made fo 

wet 
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wet as for rolling: 1 and 2 oz. cafes, rolled dry, are beft 
for this purpofe; and when they are filled, unroll’ the 
cafe within 3 or 4 rounds of the charge, and all that you 
unroll cut off ; then pafte down the loofe edge: 2 or 3 
days after the cafesare filled, cut them in pieces 5or6 8ths 
of an inch in length ; then melt fome wax, and dip‘one 
end of each piece into it, fo as to cover the compofition : 
the other end muft be rubbed with meal powder wetted 
with fpirit of wine. | | 


Drove Stars. 


Cafes for drove ftars are rolled with pafte, but’ are 
made very thin of. paper: ‘before you begin to fill them, 
damp the compofition with fpirit of wine that has had 
fome camphor diflolved in it; you may ram them in- 
differently hard, fo that you do not break, or fack the 
cafe, to prevent which, they fhould fit tight‘ im the 
mould: they are drove in cafes of feveralfizes,>from 
8 drams to 4:0z. when they are filled in 4.0z) ‘cafes, 
cut them in pieces of 2 of an inch long; if nozveafes, 
éut them in pieces of 1 inch’; if 2'0z. cafes, cur them 


nAS 


in pieces of 1 Z-inch long, and if 4 oz. cafes, cutithem 


in pieces of 14 inch long: having cut your ftars of a 
proper fize, prime both ends with wet meals powder. 
Thefe ftars are feldom put in rockets, they being chiefly 
intended for air balloéns, and.drovein cafes, to prevent 
the compofition from being broke by the force of the 
blowing powder in the fhell.. : 


Rolled Stars 


Are commonly made about the fize of a mufkct ball, 
though they are rolled of feveral fizes, from the bignefs 


of a piftol ball, to 1 inch diameter; and fometimes ‘very 


‘{mall, but then called Sparks. Great care muft be taken 
in making ftars, firft, that the feveral ingrecients are 
reduced to a fine powder; fecondly, that the compofition 
is well worked and mixed — Before you begin to roll, 
take about a pound of compofition, and wet it with the 

following 
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following liquid, enough to make it flick together and 
roll ealy 5 fpirit of wine £ quart, in which diffolve 2 Of 
an ounce of ifinglafs. Ifa great quantity of compofition 
be wetted at once, the fpirit will evaporate, and leave it 
dry, before you can rollit into ftars: having rolled up 
one proportion, fhake the ftars in meal. powder, and 
fet them to dry, which they will do in 3 or gdays; but 
if you fhould want them for immediate ufe, dry them 
in an earthen pan overa flow heat, or inan oven. It 
being very difficult to make the ftars all of an equal fize, 
when the compofition is taken up promifcuoufly with 
the fingers;’ therefore! fhall-here fet down, a method by 
which you may make them very exact, which is, —W hen 
the mixture is moiftened properly, roll iton aflat fmooth 
ftone,-and cut it into fquare pieces, making ‘each fquare 
large enough for the ftars youintend, ‘There is another 
method ufed by fome to make ftars, whichis by rolling 
the compofition in long pieces, and then cutting off the 
ftar, fo:that each {tar will be of a cylindrical form; but 
this:methad is not fo goodias the fobaiees for to make the 
compofition roll «this way, it muft be.made very wet, 
which makes the {tars heavy, as well-as weakens them. 
All: ftars muft be kept as much from air ‘as_poffible, 
otherwife they wil grow weak and bad. 


Scrolls for Sky Rockets. 


Cafes for {crolls fhould ‘be made'4 or 5 inches’ in 
length, and their interior diameter 3 8ths of an inch: one 
end of thefe cafes muft be pinched quite clofe, before you 
begin to fill, and when filled, clofe the other,end,; then 
in the oppofite fides make a fmall hole at each aac to 
the compofition, in the fame manner as in ‘Tourbillons ; 
and prime them with wet meal powder, . You, may put 
in the head of arocket as many of thefe cafes as it will 
contain: being fired REY turn very quick in the-air, and 
form a fcroll or fpiral line. They are :generally; filled 
with a ftronge charge, as He of ferpents, or brilliant fire. 


Swarmers, 
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Swarmers, or fmall Rockets: 


Rockets that go under ‘the denomination of Swarmers, 
are thofe from ‘2:02. downwards.’ “Thefe rockets are fired 
fometimes in flights, and ‘in large water-works, &c. 
Swarmers of 1 and 2.072 ate bored, and'made jn the 
fame manner as large ‘rockets, except, when headed, 
their heads muft be put on without’a collar: the number 


of ftrokes for driving 1 0z. ‘muft Ve eight; and for 


2,0Z. twelve, 


All rockets under 1 0z. are not bored, but muft be 
filled to the ufual height with compofition, which is 
generally compofed of fine meal powder % oz. and char- 
coal or fteel duft 2 drams: the: number of Strokes for 
ramming thefe {mall fwarmers is not material; fo as 
they are rammed true, and... moderately. hard... The 
necks of unbored rockets muft. be in the fame. propor- 
tion as in common cafes, 7 


The caufe of Sky. Rockets rifing: 


Having promis 
fed, sinithe fecond 
fection, sto prove 
that! the: effe@-of 
{ky tockets, and 
proportion of 
their charge, | de- 
pends: on’ the fize 
of thé’ cavity” in 
the, compofition’; 
1 fhall vhére. en- 
deavour.. to give 
a: mathematical} 
demonftration 


thereof, 
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Let ABC be the hollow cone for the fire, AYCZB, 
the fuperficies of that'cone, all, the lines.OZ at right 
angles with BC, all the lines OY at right angles with 
AC: now all the angles ZOY being towards Ry whether 
the angles ZOY are obtufe or acute, but the more acute 
the better... The rays of fire.ZO and YO tfuing from 
the fides of the cone BC and AC, and continually acting 
with, the..greater force one upon another at O, forcing ~ 
the whole BC A upward from the point R;, and the wider 
the cone is,.(fo.as not to exceed one third at bottom, 
and one fixth at top, of the exterior diameter of sthe 
rocket) the greater velocity, will the rocket:rife .with 


Stands for Sky Rockets: 


Care muft be taken, in placing the rockets, when they 
ate to be fired, to give thema vertical direétion at their 
firft fertin¢ out’; which’ may be managed ‘thus. Have 
a railsiof wood, of any leneth, fupported at each end 
by a perpendicular lee, fo that the rails be horizon- 
tal, and let the diftance from one.to the other be 
almofteequal to the léngth ‘of ‘the flicks of the rockets 
intended to be fired; then in the front of the top rail 
drive fquare hooks at 8 inches diftance, with their points 
turning fideways, fo that when the rockets are hung on 
them, the points will be before the fticks, and keep 
them from:-falling, or being blown off by the wind: in 
the: frontcof the rail at bottom muft be flaples, drove 
perpendicular‘under the hooks; at top; through thefe 
ftaples put the fmall ends of the rocket fticks.. Rockets 
are fired by applying a lighted port fire to their mouths. 

N.Bs> Whenofky rockets are made te -perfection,, 
and fired, ‘they *will ftand 2 or_3 feconds-on. the hook 
before they rife, and then mount up britkly, witha fteady 
motion, carrying a large-tail from the groundalt the way 
up, and, juftias they turn, break and difperfe the*ftars. 


Girandole Chetts, for flights of Rockets, 
Are generally compofed of four fides, of equal dimen 
fions; but may be made of any diameter, according to 
| the 
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the number of rockets defigned to be fired; its height 
muft.be in proportion to the rockets, but muft_ always 
bea httle higher than the rockets with their fticks. 
When the fides ate joined, fix in the top, as far down 
the cheft as the length of one of the rockets \ with ,its 
cap on. In this top, make as many fquare or round 
holes toreceive the rocket fticks, as you ifitend to have 
rockets ; but let the diftance between them be fufficient 
for the rockets to ftand without touching one another ; 
then from one hole to another cut a groove, large enough 
for a quick-match to lie in: the top being thus fixed, 
put inthe bottom, at about 1 4 foot diftance from the 
bottom, of the cheft; inthis bottom muft be as many 
holes as in. the top, and all to correfpond ; but thefe 
holes need not be fo large as thole in the top. 
To prepare your cheft, you muft lay a quick-match; 
in all the grooves, from hole to hole; then take fome 
fky rocke s, andrub them in the mouth with wet meal 
powder, and put a bit of matchup thecavity ofeach, which 
match muft be long enough to hang a little below the 
mouth of the rocket.. Your rockets and cheft being pre- 
pared according to the above directions, put the fticks 
of the rockets through the holes in the top and bottom 
of the cheft, fo that their mouths may reft cn the quick- 
match.in the grooves; by which all the rockets will be 
fired at once; for by giving fire to any part of the match, 


it. will communicate to ail the rockets in ‘an inftant. 
As it would be rather troublefome to direét the fticks 


from the top to the proper holes in the. bottom, it 
will be neceflary to have a fmall door in one of the 
fides, which when opened, you may ‘fee how to place 
the flicks... Flights of rockets, being feldom fired 
at the beginning, of any fireworks, for which reafon 
they are in danger of being fired by the fparks from 
wheels, &c. therefore to preferve them, a cover fhould 
be made to fit on the cheit, and the door in the fide 


kept fhut. 


Serpents 
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Serpents or Snakes for Pots of Aigrettes, 
Small Mortars, Sky Rockets, &c. 


Serpents for this ufe ate made from 2 4 inches, to 
+ inches long, and their formers from 3 ‘r6ths to 5 8ths 
of an inch diametér; but the diameter of the cafes 
muft always be equal to 2 diameters of the former; they 
are rolled and choaked like'drher ‘cafes, and filled with 
compofition from 5 8ths of an inch, to 13 inch ‘hi¢h, 
according to the fize of the mortars, or rockets, they aré 
defigned for, and the remaindér of the cafes bounced 
with corn-powder, and afterwards their ends pinched 
and tied clofe: before they are ‘fed, their mouths muft 
be primed with wet meal-powder- 


Leaders, or Pipes of Communication. 


The beft paper for leaders, is Hlephant, which you 
cut into long flips, 2 or 3 inches broad, fo that they may 
go 3 or 4 times round the foriner, but not more: when 
they are very thick, they are too itrong for the paper 
which fattens them to the works, and will fometimes 
fly off without leading the fire. The formers for thefe 
leaders are made from 2 to 6 16ths of an inch diameter 3 
but 4 16ths is the fize generally made ufe of : the for- 
mers are made of fmooth brafs ‘wire: when you ufe them, 
rub them over with greafe, or keep them wet with pafte, 
to prevent their flicking to thepaper, which muft be patted 
all over. In rolling of pipes, ake ufe*of a ‘rolling 
board, but ufe it lightly: havibe rolled a pipe, draw out 
the former with one hand, holding the pipe as leht as 
poffible with the other; for, if ic prefs againft the former, 
it will. ftick and tear the paper. 

N.B. Make your léaders of different lengths, of ih 
clothing of works you will ‘cut a great many to watte. 
Leaders for marron batteries muft be made of ftrong 
cartridge paper. 


vo, ag ie 
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SECT. V. Aquatic Fireworks. 


W ORAS that fport in the water ate much efteemed. 


by moft admirers of fireworks, particularly water 
rockets; but, as they feem of a very extraordinary na- 
ture to thofe who are acquainted with this art, I thal] 
endeavour to explain the method of making them, in as 
full and eafy a manner as poffible, as well as other de- 
vices for the water. | 


Water Rockets 


May be made from 4 oz. to 21b. ‘but, if larger, are 
too heavy; fo that it will be difficult to make them keep 
above water ‘without a cork float, which muft’be tied 
to the neck‘of the cafe; but the rockets will not dive fo 
well with, as without floats. 

Cafes for thefe are made in the ‘fame manner and pro- 
portion as fky rockets, only alittle thicker of paper. 
When you fillthem which are drove folid, put in firft 
1 ladle-full of flow fire, then 2 of the proper charge, and 
on that 1 or 2 ladles of finking charge, then the proper 
charge, then the finking charge again, and fo on, till 
you have filled the cafe within 3 diameters; then drive 
on the compotition 1 ladle-full of clay; through which 
make a {mall hole to the charge; then fill the cafe, within 
2 a diameter, with corn powder, on which turn down 
2 or 3 rounds of the ‘cafe in the infide; then pinch and 
tie the end very tight: having filled your rockets, (accord- 
ing to the above directions) dip their ends in melted rcfin, 
ot fealing wax, or elfe fecure them well with greafe. 
When you firethefe rockets, throw in 6 or 8 at a times 
but, if you would have them all fink, or fwim, at the 
fame time, you muft drive them with ‘an equal quantity 
of compofition, and fire them all together. 
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To make Pipes of Communication, whicts 
may be ufed under Water. 


Pipes for this purpofe muft be a little thicker of paper 
than thofe for land. Having rolled a fuficient. number 
of pipes, and kept them till dry, wafh them over with 
drying oil, and fet them to dry ; but when you oil them, 
leave about 14 inch at each end dry, for joints: if they 
‘vere oiled all over, when you come to join them,. the 
pafte would not ftick where the paper is greafy: after 
the leaders are joined, and the pafte dry, oil the joints. 
Thefe pipes will lie many hours under water, without 
receiving any damage. 


Horizontal Wheels for the Water. 


Firft get a large wooden bow! without a handle ; then 
have an o¢tagon wheel made of a flat board, 18 inches 
diameter, fo that the length of each fide will be near 
4 inches: in all the fides cut a groove for the cafes to 
liein. This wheel being made, nail it on the top of the 
bow]; then take 8 four-ownce cafes, filled with a proper 
charge, each about 6 inches in length, Now, to.clothe 
the wheel with thefe cafes, get fome whitifh-brown paper, 
and cut it into flips 4 or 5 inches broad, and 7 or 8 long: 
thefe flips being pafted all over on one fide, take 1 of 
the cafes, androll of the flips of paper about 1 3 inch 
on its end, fo that there will remain about 2 3 inches of 
the paper hollow from the end of the cafe: this caie tie 
on 1 ot the fides of the wheel, near the corners of which 
muft be holes bored, through which you put the pack- 
thread to tie the cafes: having tied on the firft cafe at the 
neck and end, puta little meal powder in the hollow 
paper; then paftea flip of paper on the end of another 
cafe, the head of which put into the hollow paper on the 
frtt, allowing a fufficient diftance, from the tail of one 
to the head of the other, for the pafted papet to. bend 
without tearing: the fecond cafe tieon as you did the 

i firft ; 
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firft; and fo on with the reft, except the daft, which 
rauit be clofed at the end, unlefs it is to communicate ta 
any thing on top of the wheel ; fuch as fire-pumps or 
brilliant fires, fixed in holes, cut in the wheel, and fired 
by the laft or fecond cafe, as the fancy direéts: 6, 8, or 
any number, may be placed on the top of the wheel, fo 
that they are not too heavy for the bow}. 

Befcre you tie on the: cafes, cut the upper part of all 
their ends, except the laft, a little fhelving, that the fire 
from one may play over the ether, without being ob- 
ftructed by the cafe, Wheel cafes have no clay drove 
in their ends, nor pinched, but are always left open, 
only the laft, or thofe which are not to lead fire, which 
muft be well fecured. 


Water Mines. 


For thefe mines you muft have a bowl, with a wheel 
on it, made in the fame manner as the water wheel, only 
ia its middle muft be a hole, of the fame diameter you 
defign to have the mine. Thefe mines are tin pots, with 
flrong bottoms, and a little more than 2 diameters in 
length: your mine muft be fixed in the hole in the wheel, 
with its bettom refting on the bow]; then loaded with 
ferpents, crackers, ftars, {mall water rockets, &c. in 
the fame manner as pots of aigrettes ; but in their cen- 
tre fix a.cafe of Chinefe fire, or a fmall gerbe, which 
mutt be lighted at the beginning of the laft cafe on the 
wheel. Thefe wheels are to be clothed as ufual, 


Fire Glokes for the Water. 


Bowls for water globes muft be very large, and the 
wheels on them of a decagon form; on each fide of 
which nail a piece of wood 4 inches long, and on the 
outfide of each piece cut a groove, wide enough to re- 
ceive about i of the thicknefs of a 4072. cafe: thefe 
pieces of wood muft be nailed in the middle of each face 
of the wheel, and fixed in an oblique direétion,. fo that 
the fire from the cafes may incline upwards: the wheel 
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being thus: prepared, tie in each groove a 4 OZ, cafe, 
filled with a grey charge; then carry @ leader from the 
taibof one cafe to the mouth of the other. 

Globes: for thefe wheels are made of 2 tin hoops, 
with their edges outwards, fixed one within the other, 
at right angles. ‘The diameter of thefe hoops muft be- 
fomewhat lefs than that of the wheel. Having made a 
globe, drive.in the centre of a: wheel an iron fpindle, 
which. muft ftand perpendicular, and its length 4 or 
6 inches more than the diameter of the globe. 

This fpindle ferves for an axis, on which the globe is 
fixed, which, when done, mutt fiand 4 or 6 inches from 
the wheel: round one fide of each hoop mutt be foldered 
little bits of tin, 2 £ inches diftance from each other; which 
pieces muft be « inches in length each, and only faftened 
at one end, the other ends being left loofe, to turn round 
the {mall port fires, and hold them on: thefe port fires 
mutt be made of fuch a length, as will laft out the cafes 
on the wheel. You are to obferve, that there need not 
be any port fires at the bottom of the globe within 4 inches 
of the fpindle; for, if there were, they would have no 
effect, but only burn the wheel: all the port fires muft 
be placed: perpendicular from the centre of the globe, 
with their mouths outwards; and: muft all be clothed 
with leaders, fo as all to take fire with the fecond cafe of 
the wheel; which cafes muft burn 2 at a time, 1 oppofite 
the other. When 2 cafes of a wheel begin together, 
2 will end together; therefore the 2 oppofi:e end cafes 
mutt have their ends pinched and fecured from fire. “The 
method of firing fuch wheels is, by carrying a leader 
from the mouth of one of the firft cafes, to that of the 
other, which leader being burnt through the middle, 
will give fire to both at the fame time. 


Odoriferous Water Balléons. 


Thefe ballédns are made in the fame manner, ‘as air 
ballddns, but very thin of paper, and in diameter 12 inch 
with a vent of £aninch diameter, The thelis being 

made, 
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made, and quite dry, fill them with any of the following 
compofitions, which muft be rammed in tight: thefe 
balloons muft be fired at the vent, and put into a 
bow! of water. Odoriferous works are generally fired 
in rooms. 


Compofition J, 


Saltpetre 2 02, flower of fulphur 10z. camphor {0z, 
yellow amber 302. charcoal duft 302. flower of benjamin, 
or affla odorata, $ oz. all powdered very fine, and well 
mixed. 


Cornpofition IL. 


Saltpetre £20z. meal powder 3 0z. frankincenfe t oz. 
myrrh }0z. camphor } 0z, charcoal 3 oz. all moiftened 
with the oil of {pike. | 


Compofiton If. 


Saltpetre 2 02. fulphur 3 0z. antimony oz. amber 197. 
cedar rafpings 3 07. all mixed with the oil of refes, and 
a few drops of bergamot. 


| Compoftion 1V. 

Saltpetré 4 02. fulphur 1 oz {gw-duft of juniper 2 oz. 
faw-duft of cyprefs 1 oz. camphor 2 oz. myrrh 2 drams, 
dried rofemary 1 0z. cortex elaterii 4 oz. all moiftened 
a little with the oil of rofes 7 

N.B. Water rockets may be made with any of the 
above compofitions, with a little alteration, to make 
them weaker or ftronger, accerding to the fize of the 
cafes. 


Viti Sf 
Water Ballééns. 

Having made fome thin paper fhells, of what diameter 
you pleafe, fill fome with the compolition for water 
balldons, and fome after this manner, Having made 
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the vent of; the theils pretty large, fill them almoft full 
with water rockets, matrons, fquibs, &c. Then put 
in fome blowing powder,, fufficient to burft the fhells, 
and afterwards fix in the vent a water rocket, long 
enouch to reach the bottom of the fhell, and its neck 
to project a little out of the vent; this rocket muft be 
open at the end, to fire the powder in the fhell, which 
will burft the ‘hell, and difperfe the fmall tdelters: &c. 


in the water, When you have well feeured the large 
tocketin the vent of the fhell, take a cork float with a 


hole in its middle, which fit over the head of the rocket; 
and faften it to the fhell: this float muft be large enough 
to keep the ballocn above water. 


Water Squibs 

Are generally made of 1 a7. ferpent cafes, 7 or 8 inches 
long, filled 2 3ds with charge, and the remainder 
bounced. The common method of firing them is, ~ Take 
a water wheel, with a tin mortar in its centre, which load 
with fquibs, after the ufual method; but the powder in 
the mortar muft be no more than will juft throw the 
{quibs out (eafily into the water); you may place the 
cafes on the wheel, either obliquely, or horizontally ; 
and on the top af the wheel, round the mortar, fix fix 
cafes of brilliant fire, perpendicular to the wheel : thefe 
cafes muft be fired at the beginning of the laft cafe of the 

wheel, and the mortar, at the conclufion of the fame. 


A Sea Fight with {mall Ships, and to pre- 
pare a Fire-fhip for it. 


Having procured 4.or 5 {mall fhips, of 2 or 3 feet in 
length, (gt as many as you defign to fight) makea num- 
ber of fmall reports, which are to ferve for guns. Of 
thefe range as many as you pleafe, on each fide of the 
upper decks: then at the head and ftern of each fhip 
HX a2" OZ. bare, 8 inches long, filled with a flow port~ 
fire receipt, hut take care to place it in fuch a manner, 

thar 
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that the fire may falkin the water, and not burn the 
rigging : in thefe cafes bore holes at unequal diftances 
from one another, but make as many ineach cafe, as half 
the number of reports, fo that one cafe may fire the guns 
on one fide, and the other thofe on the oppofite.’ The 
method of. firing the guns, is, by carrying a leader, from 
the holes in the cafes, to the reports on the decks; you 
muft make thefe leaders very fmall, and be careful in 
calculating the burning of the flow fire, in the regulating 
cafes, that more than 2 guns be not fired at a time. 
When you would have a broadfide given, let a leader be 
carried toa cracker, placed on the outfide of the fhip, 
which crackermutt be tied loofe, or the reports will be too 
flow ; in all the fhips put artificial guns at the port holes. 

Having filled, and. bored holes, in two port fires, for 
regulating the guns in one fhip, make all the reft exactly 
the fame; then when you begin the engagement, light 
one fhip firft, and fet it a failing, and fo on with the reft, 
fending them out fingly, which will make them fire re- 
gularly, at different times, without confufion ; for the 
time between the firing of each gun will be equal to 
that of lighting the flow fires. 

The fire fhip may be of any fize, and need not be very 
good, for it is always loft inthe action. To prepare 
a fhip for this purpofe, make a port fire equal in fize 
with them in the other fhips, and place it at the ftern; 
in every port place a large port fire, filled with a very 
{trong compofition, and painted in imitation of a gun, 
and let them all be fired at once by a leader from the flow 
fire, within 2 or 3 diameters of its bottom; all along 
both fides, on the top of the upper deck, lay ftar com- 
pofition about 2 an inch thick, and 1 broad, which mutt 
be wetted with thin fize, then primed with meal pow- 
der, and fecured from fire by paftine paper over it; in 
the place where you lay this compofiion, drive fome 
little tacks with flat heads, to hold it fat to the deck: 
this muft be fired juft after the fham guns, and when 
burning will thew a flame all round the thip;’ at the 
head take up the decks, and put in a tin mortar loaded 
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with crackers, which mortar muft be fired by a pipe 
from the. end of the flow fire; the firing of this mortar 
will fink the fhip, and make a pretty conclufion. ‘The 
regulating port fire of this {hip muft be lighted at the 
fame time with the firft fighting fhip. 

Having prepared all the fhips for fighting, we fhall 
next proceed with the management of them, when on 
the water. At one end of the pond, juft under the fur- 
face of the water, fix 2 running blocks, at what diftance 
you chufe the fhips fhould fight; and at the other end 
of the pond, eppofite to each of thefe blocks, under the 
water, fix adouble block; then on the land, by each of 
the double blocks, place two fmall windlaffes; round 
one of them turn one end of a fmall cord, and the other 
end put through one.of the blocks; then carry it through 
the fingle one, at the oppofite end of the pond, and 
bring sit back through the double block agaim,. and 
round the other windlafs: to this cord, near the double 
block, tie as many {mall ftrings, as half the number of 
the fhips, at what diftance you think proper ; but thefe 
ftrings muft not be more than 2 feeteach: the loofe end 
of each make faft to a fhip, juft under her bow-{prit ; 
but if tied to the keel, or too near the water, it will 
overfet the fhip. Half the fhips being thus prepared, 
near the other double block fix two more-windlafles, 
to which faften a cord, and to it tie the other half of the 
fhips, as before: when you fire the fhips, pull in the 
cord, with one of the windlafles, to get all the fhips to- 
gether; and when you have fet fire to the firft, turn 
that windlafs, which draws them out, and fo on with 
the reft, till they are all out, in the middle of the pond; 
then by turning the other windlafs, you will draw them 
back again; by which method you may make them 
change fides, and tack about, backwards and forwards, 
at pleafure. For the fire-fhip, fix the blocks and wind- 
lafles between the others, fo that when fhe fails our, ‘fhe 
will be between the other fhips: you muft not let this 
fhip advance, till the guns at her ports take fire. 


To 
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To fire Sky Rockets under Water, 


You muft have ftands made as ufual, only the rails. 
muft be placed flat, inftead of edgeways, and have holes 
in them for the rocket fticks to go through; for if they 
were hung upon hooks, the motion of the water would 
throw them off; the ftands being made, if the pond is 
deep enough, fink them at the fides, fo deep, that when 
the rockets are in, their heads may juft appear above the 
furface of the water; tothe mouth of each rocket fixa 
leader. which put through the hole with the flick; then 
a little above the water muft be a board, fupported by 
the ftand, and placed along 1 fide of the rockets; then 
the ends of the leaders are turned up through holes made 
in this board, exaétly oppofite the rockets, By this means 
you may fire them fingly, or all atunce. Rockets may be 
fired by this method, in the middle of a pond, by a Nep- 
tune, a fwan, a water wheel, or any thing elfe you chufe. 


fi Be’ reprefent Neptune in bis Chariot. 


To do this to perfection, you muft have a Neptune made 
(of wood, or bafket work) as big as life, fixed on a float, 
large enough to bear his weight; on which muft be 
2 horfes heads, and necks, fo as to feem fwimming, as 
fhown by Fig. 35. For the wheels of the chariot, there 
muft be 2 vertical wheels of black fire, and on Neptune’s 
head a horizontal wheel, of brilliant fire, with all its cafes, 
to play u: wards. When this wheel is made, cover it 
with paper, or pafteboard, cut and painted like Neptune’s 
coronet; then let the trident be made without prongs, 
but inftead of them, fix 3 cafes of a weak grey charge, 
and on each horfe’s head put an 8 oz. cafe of brillant 
fire, apdon the mouth of each fix a fhort cafe, of the 
fame diameter, filled with the white flame receipt, enough 
to Jatt out all the cafes on the wheels : thefe fhort cafes 
muft be open at bottom, that they may light the brilliant 
fires; for the harfes. eyes put fmall port fires, and in 

each 
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each noftril put afmall cafe filled half with grey charges 
and the reft with port-fire compofition. 

If Neptune is to give fire to any building on the wa- 
ter; at his firft fetting out, the wheels of the chariot, 
and that on his head, with the white flames on the horfes 
heads, and the port fires in their eyes and noftrils, muft 
dll be lighted at once; then from the bottom of the 
white flames carry a leader to the trident. As Neptune 
is to advance by the help of a biock aad cord, you mu‘ 
manage it fo as not to Jet him turn about, till the bril- 
iiant fires on the horfes, and the trident, begin; for it is 
by the fire from the horfes, (which plays almo/? upright) 
that the building, or work, is lighted; which muit be 
thus prepared. From the mouth of the cafe, which is 
to befirft fired, hang foie loofe quick-match, to receive 
the fire from the horfes. When Neptune is only to be 
fhewn by himfelf, without fetting fire to any other works; 
let the white flames on the horfes be very fhort, and 
not to laft longer than one cafe of each wheel, and ler 
2 cafes of each wheel burn at a time. 


“Swans and Ducks in Water. 


If you would have the fwans, or ducks, difcharge 
rockets into the water, they muft be made ‘hollow, and 
of paper, and filled with {mall water rockets, with fome 
blowing powder, to throw them out; but if this is not 
done, they may be made of wood, which will lat many 
times. Having made and painted fome fwans, fix them 
on floats; then in the places where their eyes fhould be, 
bore holes two inches deep, inclining downwards, and 
wide enough to receive a {mall port fire ; the port fire 
cafes for this purpofe muft be made of brafs, 2 inches 
Jong, and filled with a flow bright charge; in the middle 
of one of thefe cafes make a little hole, then put the 
port fire in the eye hole of the fwan, leaving about half 
an inch to project out, and in the other eye put ano- 
ther port fire, with a hole made init; then in the neck 
of the fwan, within two toches of- one of the eyes, 

bore 





FIREWORKS. o2 


+ 
bore a hole flantways, to meet that in the port fire; in 
this hole put-a leader, and ‘carry it toa water rocket, 
that muft be fixed under the tail with its mouth upwards ; 
on the top of the head place 2 one-ounce cafes, 4 inches 
long each, drove with brillant fire; ome of thefe cafes 
muit incline forwards, and the other backwards; thefe 
muft be lighted at the fame time as the water ‘rocket ; 
. to do which, bore a hole between them, in, the top of 
the {wan’s head, down to the hole in the port fire, to which 
carry a leader; if the fwan is filled with rockets, they 
mutt be fired by a pipe, from the end of the water rocket 
under the tail, When you fet the fwan.a) fwimming, 
light the 2 eyes. 


Water Fire-Fountains. 


‘To make a fire fountain, you muft firfthave a float. 
made of wood, 3 feet diameter, then in the middle fix 
around perpendicular poft, 4 feet high, and 2 inches 
diameter; round this poft fix 3 circular wheels, , made 
of thin wood, without any fpokes. The largeft of thefe 
wheels muft be placed within 2 or 3 inches of the float, 
and muft be nearly of the famediameter, The 2d whee} 
muft be 2 feet 2 inches diameter, and fixed at 2 feet di- 
{tance from the firft. ‘The. 3d wheel muft be 1 foot 
4 inches diameter, and fixed within 6 inches of the top 
of the poft: the wheels being fixed, take 18 four or 
8 ounce cafes, of brilliant fire, and place them round the 
firft wheel, with their mouths outwards, and inclining 
downwards; onthe 2d wheel place 13 cafes of the fame, 
and inthe fame manner, as thofe on the firft; on the 
3d place 8 more of thefe cafes, in the fame manner as 
before, and on the top of the poft fix a gerbe; then clothe 
all the cafes with leaders, fo that both they and the 
gerbe may take fire at the fame time. Before you fire 
this work, try it in the water, to fee if the floatus pro~ 
perly made, fo as to keep the fountain upright. 
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. SECT... Vi.—Crackers. 


UT Yorme carttidpe tpaper ito ‘pieces 3 £ inches. 
broad, anda foottons; 1 ‘edge of each fold down 
lengthwife about siof an inch broad; then fold the 
double’dge dowh 4 ‘of an inch, and turn the fingle edge 
back ‘half ‘over the douide fold; then open it, and Jay 
all ‘alone’ the channel, which is formed by the folding 
of the paper, fome meal powder; then fold at overand 
over, till all the paper is doubled up, rubbing it down 
every turn; this done, bend it backwards and forwards, 
2 4 inches, or thereabouts, at a time. as oft as the paper 
will allow ; ‘then hold all thefe folds flat and clofe, and 
with a fmall pinching cord give one turn round the mid- 
die of the cracker, and pinch it clofe; then bind it’with 
pack-thread, as tight as you can; then in the place where it 
was pinched, prime one end of it, and cap it with touch- 
paper.. When thefe crackers are fired, they will pive a 
report. at every turn of the paper: if you would ‘have 
a great number of bounces, you muft cut thepaper 
longer, or join them after they are made; but if they 
dre made very long before they are pinched, you mutt 
have a piece of wood with a groove in it, deep enough 
to let in halfthe cracker: this will hold it ftraight,- while 
it is pinching. fig. 36. reprefents a cracker complete. 


Single Reports. 


Cafes for reports are generally rolled'on 1 and 2 02. 
formers, and 'feldom made larger, but'on particular oe- 
cafions ; they are made fromm 2 to 4 ‘inches long, «and 
very. thick of paper : having rolled a cafe, pinch one end 
quite clofe, and drive it-down; then fill-the -eafe with 
corn powder, only leaving room to pinch it at top; but 
before you pinch it, put in a piece of paper at top of rhe 

powder, 
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powder. ‘Reports are fired by a vent, bored in the mid- 
dle, or at one end, juft as required: 


Marrons. 


Formers for marrons are from,3 ofan inch, to r ? dia- 
meter. Cut the paper for the cafes twice the diameter 
of the former broad, and long ¢nouch to go 3 times 
round; when you have rolled, a chfe, pate down the 
edge, ‘and tie one end clofe; then with the former drive 
it down to take away the wrinkles, and make ‘it flat at 
bottom ; then fill the cafe with corn powder 1 diameter 
and high, and fold down the reft of the cafe tight on 
the: powder. The marron being thus made, wax-dtome 
{trong pack-thread with fhoemakers wax; this thread 


Wind up in‘a/ball, then unwind 2 er 3 yards of it, -and 


that part which is near the ball, make faftto.a hook; 
then-take a marron, and-ftand as far froth the hook as 
the. pack-thtead: will reach, and wind it lengthwife 
round the marron ‘as clofe'as you ean, tiH it will hold 
no more that way; then turnitrand wind the pack-thread 
on. the fhort way, then lengthwife -again, and fo on till 
the paper is all covered; then: make faft the end-of the 
pack-thread, and: beat ‘down-both enas of the-marron, 
to bring it in fhape.. The method of firing marrons, as 
by ‘making a hole at one end with ah awl, and putting 
in apiece Of quick-match, then take a piece of -ftrong 
paper, in which wrap up the marron, with 2 leaders, 
Which ‘muft:be put downto the vent, and the paper 
tied tight round them with fmall twine; thefe leaders are 
bent on each fide, and their loofe ends tied to other 
Marrons, and are nailed in the middle to the-rail of the 
ftand, ‘asin. Fie. 37. Therufe of winding the pack- 
thread in a ball is, that you may «let di out as you want 
it, according to the quantity the marron may require ; 
afid that it may not be tied an‘knots, which would fpoil 


the marron. 


Marron 
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Marron Batteries, 


If well managed, will keep time to a march, or a flow 
piece of mufic. Marron batteries are made of feveral 
ftands, with a number. of crofs rails, for the marrons, 
which are regulated by leaders, by cutting them of dif- 
ferent lengths, and nailing them tight, or loofe. accord- 
ing tothe time of the mufic. In matron batteties you 
muft ufe the large and fmall marrons, and the nails for 
the pipes muft have flat heads. 


Line Rockets 


Are made and drove as the fky rockets, but have no 
heads; and the cafes muft be cut clofe to the clay ; they 
are fometimes made with 6 or 7 changes, but in general 
not more than 4 or 5: the method of managing thofe 
rockets is, —Firft, have a piece of light wood, the length 
of 1 of the rockets, turned round about 2 4 mches dia-+ 
meter, with a hole through the middle tengthwife, large 
enough for the line to go eafily through: if you defign 
4 changes, have 4 grooves cut in the fwivel,:one oppofite 
the other, ’to lay the rockets in. 

The mouths of the rockets being rubbed with (vet 
meal powder, Jay them in the grooves, head to tail, 
and tie them faft; from the tail of the firft rocket carry — 
a leader to the mouth of the fecond, and from the fecond 
to the third, and fo onto as many as there are onthe 
fwivel, making every leader very fecure; but in fixing 
thefe pipes, take care that the quick-match does not 
enter the bores of the rockets: the rockets being fixed 
on the fwivel, and ready to be fired, have a line 100 yards 
long, ftretched and fixed up tight, at any height from 
the ground; but be fure to place it horizontal: this length 
of line will do for 4 lb. rockets; but, if larger, the line 
muft be longer: before you put up. the line, put one 
end of it through the fwivel, and when you fire the line 
rocket, let the mouth of that rocket which you fire firft, 
face that end of the line where you ftand; then the firft 

rocket 
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rocket will carry the reft to the other end 6f the line, and 
the fecond will bring them back, and fo theyswill run 
out and in according: to the number of rockets: at each 
end of the line, there muft be a piece of flat wood, for 
the rocket to ftrike againft, or its torce will cut the line, 
Let the line be well foaped, and the hole in the fwivel 
very {mooth. bo 0 


Different Decorations for Line Rockets. 

To line rockets may...be. fixed great variety, fuch as 
flying dragons, mercuries, fhips, &c. Or they may be 
made to run.on the line like a wheel, which is done in 
this manner. Have a flat fwivel, made very exact, and 
on it tie two rockets obliquely, one on each fide, which 
will make it turn round all the way it goes, and fotma 
circle of fire; the charge for thefe rockets fhould bea 
little weaker:'than.common,; if: you would thew 2 dra- 
gons fighting, get 2 fwivels made {quare, and on each 
tie 3 rockets together, on the under fide ; then have 2 fly- 


ing dragons made of tin, and fix one of them on the top 


of each fwiyel, fo as to ftand upright; in the mouth of 
each dragon put a {mall cafe of.common fire, and ano- 
ther at the ead of the tail 5. you may. put 2 or 3 port fires, 
of a flrong charge, on i fide of their bodies, to thew 
them. This done, put them on the line, one at each 
end; but let there be a fwivel in’ the middle of the line, 
to keep the dragons from “ftriking together: before you 
fire the rockets light the cafes on the dragons, and if care 
be taken in’firing both at the fame time, they will meet 
in the middle-of the line, and feern to.fighit. Then they 
will run back, and return with great violence; which will 
have a very pleafinge effect. ‘Whe line forthefe rackets 
muit be very long, or they will flriketoo hard together. 


Pets FS} 7 
_ Chinele Flyers. 

Cafes for flyers, may be made of different fizes, from 
1to.8 ounces: they muft be made thick of paper, and 
8 interior diameters long; they are roiled in the fame 

, manner 
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Manheras tourbillons, with a firaight patted edge, and 
pitiched clofe'at one end. ‘Fhe method oi filling them is, 
the cafe being put in a mould, whofe cylinder,’ or foot, 
mutt be flat at top without a nipple, fill it, within $a dia- 
metet_of ‘the middle; then ram im 7 a diameter of clays 
on that as much compofition as before, on whichdrive 
1 a diameter of clay; then pinch the cafe clofe, and drive 
it down flat; after this is done, bore a hole exactly through 
the centre of the clay in the middle ; then in the oppo- 
fite fides at both ends make a vent, and in that'fide you 
sntend to fire firft make a. fmall hole to the com pofition 
near the clay in the middle, from which carry a quick 
match, covered with a fingle paper, to the vent at the other 
end; then when the charge 1s burnt on one fide, ix will, by 
means of the quick match, communicate to the charge in 
the other, (which may be of a different fort). The fiyers 
being thus made, put an iron pin, that muft be fixed in the 
‘work cn which they are to be fired, andon which they are 
to run: throu.h the hole is the middle, on the end of this 
pin, muft be a nut to <cep the flyer from running off. If 
you would have them turn back again after they are burnt, 
‘make both the vents at the ends on the fame fide, which 
will alter its courfe the contrary way. 


Table, Rockets 


Are defigned merely to thew the truth of driving, and 
the judgement of a fire worker, they having no other 
effect, when fired, than fpinning round, in the fame place 
where they begin, till they are burnt out, and fhewing 
nothing more than an horizontal circle of fire. 

The method of making thefe rockets is— Have a. cone: 
turned out of hard wood, ‘2 4 inches diameter, and .as 
much high; round the bafe of it draw a line; on this 
line fix 4 fpokes, 2 inches long each, fo as to ftand one 
oppofite the other ; then All 4 fine-inch 1lb. cafes, with 
any fitong compofition, within 2 inches “of the top: thefe 
cafes are made like tourbillohs, and muft’ be ‘rammed 
with the greateft exactnel’s 

Your rockets being filled, fix their open ends on 


the fhort ipokes; then in the fide of each caie bore a 
hole 
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hole ear, the clay; all, thefe holes, or, vents, muft be 
fo made that the fire of each cafe may act thefame way. ; 
from thefe, vents carry leaders to the top of the cone, 
and tie them together. When you would fire the rockets, 
fet them, on.a fmooth, table, and light the. leaders in the 
middle, and all the cafes ,wall fire together (fee Fig. 38.) 

and {pin on the point of the cone. 

Thefe rockets may be made to rife like tourbillons, 
by making the cafes fhorter, and boring 4 heles, in the 
under fide of each at equal difiances: this being done, 
they are called Double Tourbillons. | 

Note, all the vents in the under fide of the, cafes muft 
be lightedat once ; and the fharp point of the cone cut 
off, at which place make. it fphetical. 


T o make. Wheels and. ae . Works 
incombuftible:” | 


It being; neceflary, when your works are new, to paint 
them, of fo she dark colour; therefore, 1 if initead_of which, 
yousmake ule of the following compofitions. it will give 
them a, good colour, and 4n a great me afure ptevent 
their taking. fire fo foon asaf, painted. Take brick duft, 
coal. afhes, “and iron filings; ot each an equal quantity, 
and/ mix them with a double fize, made hot. . With this 
wath over your works, and when dry wafh them over 
again; this will preferve the wood greatly agatnft fire. 

et the brick-duft and: afhes be beat toa, fine powder. 


Single Vertical Wheels 


There are different.forts. of vertical wheels, fome hay- 
ine their fells of a,circular form. athers of an hexagon, 
octagon, or, decagon.form, orany number ofpfides, ac- 
cording |to the | lensth of the cafes vou defign tor the 
talitiolh your {yoke bging eat inthe nave, nail flips 
of tin, with; their edges tur aed up, fo as to form vrooves 
forthe cafesito lie m, “from ” end Ae one {poke to another ; 
then tie. .your eates in the grooves, head to tail, in the 

ms 2 fame 
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{ame manner as thofe on the horizontal water wheel, fo 
that the cafes fucceffively taking fire from one another, 
will keep the wheel in an equal rotation. ‘Two of thefe 
wheels are very oft fired together, one! on each ‘fide of a 
building, and both lighted at the fame time, andall the 
cafes filled ‘alike; to make’ them keep time together, 
which they will do if made by the following’ directions. 
In all the cafes of ‘both wheels, except the firft, on each 
wheel, drive 2, or ladles “full of flow fire, in’ any part 
‘of the cafes; but be careful to ram the fame quantity’ in 
each cafe, and inthe end of one of the cafes, on each 
wheel, you may ram 1 ladle full of dead fire compofition, 
which muft ‘be very lightly drove; you may alfomake 
many changes of fire, by this method. | 

Let the hole in the nave of the wheel be lined with 
brafs, and made to turn on a fmooth iron fpindle. — On. 
the end of this fpindle let there be.a nut, to ferew off and 
on; when you have put the wheel on the {pindle, ferew 
on the nut, which will keep the wheel from flying off. 
‘Let the mouth. of ‘the firft cafe be a little raifed’ See 
fic. 39. Vertical wheels are made from 10“ inelies: to 
3 feet diameter, and the fize of the cafes’ muft differ 
accordinely 3 “4 oz. cafes will do for wheels of! 14 ’or 
16 inches diameter, which is the proportion generally 
ufed. The beft wood for wheels of ‘all forts, ‘is a light 


and dry beech.’ 


“Horizontal Wheels 
Are beft when, their fells:-are’made circular, in the 
middle of the tap of the nave mutt be a pintle, turned 


‘out of the*fame’ piece as the nave, ‘2 inches ‘long, and 


equal in diameter to the bore of 1 of the cafes of the wheel : 
there muft be a hole bored up ‘the centre of ‘tlre mave, 
within $ aa inch of the top of the pintle. ‘Pheswheel 
being ‘made, nail at the end of each {poke (of which 
there fhould be 6 or 8) a piece of Wood, with a groove 
cut in itto receive the cafe. Thefe pieces fix in fuch'-a 


“manner, that half the cafes’ may‘incline upwards, ‘and 


half 
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half downwards, and that when they are tied on, their 
heads and tails may come very near together: from the 

tail of one cafe to the mouth of ‘the other carry a leader, 

which fecure with pafted» paper. Befides thefe pipes, 

it will be necefiary to puta little meal, powder. infide 

the pafted paper, to blow-off the pipe, that there may be 

no obftruction to the fire, from the cafes..., By. means of 
thefe pipes, the cates will fucceflively take, burning one 

upwards, and the other ;downwards; . On: the pintle. fix 

a cafe of ‘thefame fort.as thofe ‘on the wheel; this cafe 

muft be fired by a leader, from the mouth of the laft cafe 

on the wheel, which cafe mut play downwards: inftead 

ofa common cafe in the middle, you may, put.a cafe of 
Chinefe fire, long enough: to; burn.as long.as.2 or 3 of 
the cafes on the wheel. 

Horizontal wheels-are oft fired 2 at a time, and made 
to keep time, like verticalwheels; only they, are made 
without any flow or dead fire; 10.0r .12.inches will be 
enough for the diameter of wheels. with 6{pokes, Fig. 
40. reprefents a wheel on fire, with the firft cafe burning. 


Spirali Wheels 


Are only double horizontal wheels, and. made thus: 
The nave mut be about 6 inches long, and fomewhat 
thicker than the fingle fort; inftead: of the pintle at top, 
makea hole for the ‘cafe to’be fixed in; and 2 fets of {fpokes, 
one fet near the top of the nave, and the other near the 
bottom. At the end of each {poke cut-a groeve, wherein 
you tie the cafes, there being no fell;. the {pokes fhould 
not be more than 3 #inches lone each from the nave, 
fo that’the wheel may not be more tham 8 org, inches 
diameter; “the cafes are placedin fuch:a;manner, that 
thofe ‘at top : play down, and thofe at -bottem,, play up, 
but let'the 3d’ of 4th cafe play: shor|zontally.; »“hhe cafe 
“in the middle ‘may begin! with any of the others,you 
pleafez 6 (pokes will beenough for each fet, fo thatthe 
wheel may confift of “raicafes, befides that on the top : 
the cafes 6 inches each. ‘¥, 
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Plural Wheels 


Ate made to turn horizontally, and to confit of 3 fets 
of fpokes, placed 6 at top, 6 at bottom, and 4 in the mid- 
dle, which muft be a Iittle fhorter than the reft: let the 
diameter of the’wheel’ be'ro inches; the cafes muft be 
tied on the‘ends of the fpokes, in grooves cuton purpofe, 
or in pieces of wood sailed onthe ends of the fpokes, 
With grooves cut in them as ufual : in: clothing: thefe 
wheels, make ‘the upper fet of cafes play obliquely 
downwards, and them at bottom obliquely upwards, 
and theth ih! the’ middle /horizontally..\ In placing :the 
Jeaddis, you'mutt order it fo’ that the cafes may burn 
thus, viz. firft up, then down, then horizontal, and fo 
on with the feft; but’ another change may be made, by 
driving‘in the end of the eighth cafe, 2 or 3 ladles iull 
of flow fire, to burn till the wheel has ftopped its courfes 
then let the other cafes be fixed the contrary way, which 
will make the ‘wheel ran back again: -for the cafe-at 
top you may put a fmal] gerbe ; and let the cates on the 
{pokes be fhort, and filled with a-ftreng brilliant charge. 


Illuminated Spiral Wheel. 


Firt have a circular horizontal wheel, made 2 feet 
diametér, with a hole quite through the-nave;. then take 
3 thin ‘pieces of deal, 3 feet long each, and.3 of,an inch 
broad each: one end of each of thefe pieces nail tothe fell 
of the wheel, at an equal diftance from one another, and 
the other end. nail to a block with a hole in its bottom, 
which mut be perpendicular with that in the block of the 
awheel, butinot fo large.» The wheel being thus, made, 
have aihoop planed down very thinand flat ; then.nail,one 
énd of it tothe fell of the wheel, and wind it round the 
3 ticks ina fpiral line, from the wheel to the block at top: 
on'the top of this block fixa cafe of Chinefe fire; onthe 
wheel you ‘may place any number of cafes, which, muft 
incline downwards, and burn 2,ata time. | If.the wheel 
thould confift of 10 cafes, ¥ou may let the illuminations 

and 
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and Chinefe fire begin with the fecond cafes. The fpindle 
for this whee! muft be a little loner than the cone, and 
made very fmooth at top, on which the upper block is 
toturn, and the whole weight of the wheel to reft, 
‘See Fig. 41. | 


Double Spiral Wheel. 


For this wheel the block, or nave, muft be as tong 
as the height of the worms, or fpiral lines, but muft 
be made very thin, and as light as poffible. In this 
block muft be fixed feveral fpokes, which muft diminith 
in length, from the wheel to the top, fo as not to exceed 
the furface of a cone of the fame height. To the ends 
of thefe fpokes nail the worms, which muft crofs each 
other feveral times: thefe worms clothe with illumina- 
tions, the fame as thofe on the fingle wheels; but the 
horizontal wheel you may clothe as you like. At top 
of the worm place a cafe of fpur-fire, or an amber light. 
See Fig. 42. This figure is fhewn without leaders, to 
prevent a confufion of lines. 


Ball6én Wheels 


Are made to turn horizontally: they mult be made 
2 feet diameter, without any, fpokes, and very ftrong, 
svith any number of fides. On the top of a wheel range 
and fix tin pots, 3 inches diameter, and 7. inches high 
each, as many.of thefe.as there are.cafes on the wheel : 
near the bottom of each pot make.afmall vent; antoeach 
of thefe vents carry a leader from the tail of each cafe; 
fome of the pots toad with ftars, and fome with ferpents, 
crackers, &c. As the wheels turn, the pots will fuc- 
ceffively be fired, and throw into the air a great variety 
of firesomerb. i 


Fruiloni Wheels. 


Firft have a nave made g'inches long, and.3 in diame- 
tec: near the bottom of this nave fx 8 fpokee, with 
Fog hole 
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hole in the end of each, large enough to receive a 2.0r 
4 ounce cafe; each of ene fpokes may be 14 inches 
Jong ace the block. Near the top of this block fix 
8 more of the fame fpokes, exactly over the others, but 
not fo long by 2 inches. As this wheel is to run horizon- 
tally, all the cafes in the {pokes at top mutt play obliquely 
upwards, and/all them in thefpokes at bottom obliquely 
downwards. This being done, have a{mall horizontal 
wheel made with 8 fpokes, each 5 inches long from the 
peck) ee thetop of this wheel place.a cafe .of brilhant 
fire: all the cafes on this wheel muft play in an oblique 
ee downwards, and burn 2 at a time, and thcfe 
on'the large wheel 4 at a time; that is, 2 of thofe in the, 
top fet of {pokes, and 2 of them inthebottom fet of 
{pokes. 

The 4 firft cafes on the large wheel, and the 2. firft 
on the fmall, muft be fired at the fame-time, and the 
brilliant fire at top, atthe beginning. of the laft cafes. 
The cafes of the wheels may be filled with a grey charge. 
When thefe wheels are completed, you muft have a ftrong 
iron fpindle, made 4 feet 6 long, and fixed perpendi- 
cular on the top of.a ftand:. on this put the large wheel, 
whofe nave muft have a hole quite through from the bot- 
tom to the top. This hole muft be large enough to turn 
eafy round the bottom of-.the fpindle, at which place 
there muft be a fhoulder, to keep the wheel from touch- 
ing the ftand: at the top of the fpindle put the {mall 
wheel, and join it to a large one with a leader, in order 
to fire them both together. 


Port-Fires for Illuminations 


Have their cafes’made very thin of paper,’ and rolled 
en formers, from 2to 5 8ths of aninch diameter, and 
are made from 2 to 6 inches long: they are pinched clofe 
at one end, and left open at the other: when you fill them, 
put. in.buta little compofition at a time, and ram it in 
lightly, fo as not to break the cafe; 3 or 4 rounds of pa- 
per, with the laft round _pafted, will be ftrong enough 
tor thefe cafes, Common 
















FIREWORKS. 10s 


Common Port-Fires 


_ Are intended purpofely to fire the works, their fire 
being very flow, and the heat of the flame fo intenfe, 
that, if applied to rockets, leaders, &c. it will fire them 
immediately. Port fires may be made of any length, but 
are feldom made more than 2t inches long: the interior 
diameter of port-fire moulds fhould be io 16ths of an 
inch, and the diameter of the former, £an inch. The 
cafes muft be rolled wet with pafte, and one end pinched, 
or folded down. The moulds fhould be made of brafs, 
and to take in 2 pieces lengthwife; then, when the 
cafe is in the 2 fides, they are held together by brafs rings, 
or hoops, which are made to ft over the outfide. The 


bore of the mould muft not be made quite through, fo 


that there will be no occafion for ‘a foot. Thofe port 
fires, when u-ed, are held in copper fockets, fixed on the 
end of a long ftick: thefe fockets are made like port 
crayons, only with a fcrew, inftead of a ring. 


Cafcades of Fire 


Are made of any fize; but one made according to the 
dimenfions of that fhewn iin Plate 4. Fig. 43. will be 
large enough for 8 oz cafes. Let the diftance from A 
to B, be 3 feet; from B to C, 2 feer 6 inches; and from 


CD, 2 feet; and let the crofs piece at A, be 4 feet long ; 


then from each end. of this piece, draw a lineto D; then 
make the other crofs pieces fo Jong as to come within 
thofe lines.» The top piece D, may be of any length fo 
as to hold the cafes, at a little diftance from each other: 
all the crofs pieces are fixed horizontally, and fupportéd 
by brackets; the bottom crofs piece fhould be about 
1. foot 6 inches broad in’ the middle, the fecond 1 foot, 
the third 9 inches, and thetop piece 4 inches: the cafes 
may be made of any length, but muft be filled with a bril- 
liant charge... On the edges of the crofs pieces mult be 
nailed bits of wood, with a groove cut in each piece, laree 

7 , : enough 









































106 ARTE PCA ad 
enough for a cafe to lie in. Thefe bits of wood are fixed 
fo as to incline’ downwards, and that the fire from one 
tier of cafes may play over the other. All the cafes being 
tied fafton,. carry leaders from one to the other, and let 
there be a pipe hang from the mouth of one of the cafes, 
covered at the end with a fingle paper, which you burn 
to fire the cafcade. ) 


The Fire- Tree. 


To make a fire-tréee, as fhewn by Fig. 44. you muft 
firft have a piece of woud € feet long, and 4 inches fquare ; 
then at E, 9 inches from the top, make a hole in the 
front, and in each fide; or, inftead of holes, you may fix 
fhort pegs, to fit the infide of the cafes. At F: 9 inches 
from E, fx 3 more pegs; at G, 1 foot 9 inches ftom F, 
fix 3 pegs; at Hy inches from G, fix 3 pegs; at I, 9 in- 
ches from H, fix 3 pegs, inclining downwards; but all 
the other pegs mutt incline upwards, that the cafes may 
have the fame inclination as you fee in the figure: then 
at top place a 4-inch mortar, loaded with ftars, rains, or 
crackers. Inthe middle of this mortar place a cafe filled 
with any fort of charge, but let it be fired with the 
other cafes: a brilliant charge will do for all the cafes ; 
but the mortar may be made of any diameter, and the 
sree of any.fize ; and on it any number of cafes, provided 
they are placed in the manner defcribed, 


Chinefe Fountains. 


To make 2 Chinefe fountain, you muft have a perpen- 
dicular piece of wood, 7 feet long, and 2 £ inches fquare. 
16 inches from the top, fix on the front a crofs piece 
1 inch thick, and 24,broad, with the broad fide up: 
below this, fix 3 more pieces, of the fame width and 
thicknefs, at 16 inches from each other: let the bottom 
rail be feet long, and the others of fuch a length as to 
allow the fire pumps to ftand in the middle of the inter- 
vals of each other. ‘The pyramid being thus made, fix 


inthe holes made in the bottom rail, 5 fire pumps, at 
equal 
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equal diftances: on the 2dratl place 4 pumps; on the 
gd, 3; on the ath, 2; and onthe top of the pot, 1: but 
place them all to incline a little forwards, that, when 
they throw out the (lars, they may not ftrike againft the 
crofs rails. Having fixed your fire pumps, clothe them 
with leaders, fo that they may all be fired together. 
See Fig. 45. 


Of Iluminated Globes with Horizontal 
W heels. 


The hoops for thefe globes may be made of wood, 
tin, or iron wire, about 2 feet diameter. Fora fingle 
globe take 2 hoops, and tie them together, one within 
the other, at right angles; then havea horizontal wheel 
made, whofe diameter muft be a little wider than the 
elobe, and its nave 6 inches long, on the top of which 
the globe is fixed, fo as to ftand 3 or 4 inches from 
the wheel: on this wheel you may put any number of 
cafes, filled with what charge you like; butlet 2 of them 
burn ata time: they may be placed horizontally, or to 
incline downwards, juft,as you chufe. ‘Now, when the 
“wheel is clothed, fix on the hoops as many il]umtnations 
as will ftand within 24 inches of each other: thefe you 
faften on the hoops with fmall iron binding wire; and 
when they are allon, put on your pipes of communica- 
tion, which muft be fo managed, as to light them all with 
the 2d or 3d cafe on the wheel. © The fpindle on which 
the globe is to run muft go through the block of the 
wheel, up to the infide-of the top of the globe, where 
‘muftbe fixed a bit of brafs, or iron, with’a hole in 
3t to receive the point of the fpindle, on ‘which the 
whole weight of the.wheel isto bear, as in Fig. 46. 
which reprefents. a Globe on its fpindle.’ By this method 
“may be ‘made a crown, which is done by having the 
hoops bent in the form of a crown, ‘Sometimes olobes 
and: crowns are ordered’ fo as to ftand ftrll, and the 
“wheel. only to. turn round; ‘but when you” would 
chave the globe or crown to Rand till, and ‘the ~wheel 

to 
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torun byitfelf, the block of the wheel muft not be {° 
jong, nor the fpindle any longer than to juft raife th 
elobe alittle above the wheel; and the wheel cafes and 
illumination muft begin together. 


Dodecaedron. 


So called becaufe it nearly reprefents a twelve-fided 
figure, and is made thus. Firft have a ball turned out of 
fome hard wood, 14 inches diameter: when done, divide 
its furface into 14 equal parts, from which bore holes 
1 Linch diameter, perpendicular to the centre, fo that 
they may all meet in the middle: then let there be turned 
in the infide of each hole a female ferew ; and to all the 
holes, but one, mult be made around f{poke. 5 feet long, 
with 4 inches of the {crew at one end, to fit the holes; 
then in the {crew end of all the fpokes bore a hole, 5 inches 
up, which mutt be bored flanting, fo as to come out at 
one fide, a little above the ferew ; from which cut a 
{mall groove along the fpoke, within 6 inches of the 
other end, -where you make another hole through to the 
other fide of the fpoke: in this end fix a fpindle, on 
which put a fmall wheel, of 3 or 4 fides, each fide 6 or 
7 inches long: thefe fides muft have grooves cut in them, 
large enough to receive a 2 or 4 oz. cafe: when thefe 
wheels are clothed, put them on the fpindles, and at the 
end of each fpindle put a nut to keep the wheel from 
falling off: the wheels being thus fixed, carry ‘a pipe 
from the mouth of the firft cafe on each wheel, thro’ the 
hole in the fide of the {poke, and from thence along the 
eroove, and through the other hole, fo as to hang out at 
the fcrew end about an inch, The fpokes being all ‘pre- 
pared in this manner, you mutt have a poft, on which 
you intend to fire the work, with an-iron {crew in. the 
top of it, to fit one of the holes in the ball: on this fcrew 
fix the ball; then in the top hole of the ball put. a little 
meal powder, and fome loofe quick-match ; then fcrew 
in all the fpokes, and in one fide ofthe ball bore a hole, 
in which put a leader, and fecure it at the end; and your 
work will be ready to be fired. By this leader the pow- 
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der. and match in the centre is fired, which -will light 
the .match at the ends of the fpokes all at once, where- 
by all the. wheels will be lighted at once. There may 
»be an addition to this piece, by fixing a fmall globe 
yon cach wheel, or 1,0n the top wheel only. A grey 
charge will be proper for the wheel cafes. 


The Yew Tree of Brilliant Fire 


Is reprefented by Fig. 47. as it appears when burning. 
Firft, let Abe an upright piece of wood, 4 feet long, 
2 inches broad, and’ 1 thick :>at top of this piece, on the 
flat. fide,. fix a hoop, 14 inches diameter; and round its 
edge and front place illuminations; and in the céntre a 
5-pointed. ftar; then at EK, which is 12 foot from’ the 
edge of the hoop, place 2 cafes of brilliant fire, ton 
-€ach fide: thefe cafes fhould be 1 foot long each: below 
‘thefe fix 2 more cafes of the fame fize, and at fuch a di- 
tance, that their mouths may almoft meet them at top: 
then, clofe to the ends ‘of thefe cafes, fix 2° more of 
the fame cafes; they muft ftand parallel to them at F. 
The cafes being thus fixed, clothe them with leaders; {o 
that they, with the illuminations and ffar at top, may all 
take fire together. 


Stars with Points for Regulated Pieces, &c. 


Thete ftars are made of different fizes, according’ to 
the work for which they are intended: they are made 
with cafes from 10z. to 1lb. but in general with 4 oz, 
‘cafes, 4 or 5 inches long: the cafes muft be-rolled with 
pafte, and twice as thick of paper asa rocket of the fame= 
bore. Having rolled a ‘cafe, pinch one end of it quite 
clofe ; then drive in 2.4 diameter of clay, and when the 


2 A 
cafe is dry, fill it with compolition, 2°or’2 “inches, ‘to 
the length of the cafes, with which itis to burn: at top 
of the charge drive fome clay; as the ends of thefe'cafes 
are feldom punched, they would be liable ‘to take fire, 
Having filled a cafe, divide the Gircumference'of if atthe 
pinched end clofe to the clay into ; equal patts ; then 


bore 
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bore 5 holes witha gimblet, about the fize of the’ neck 
of a common 4 oz. cafe, into the compofition: from one 
hole to the other carry a quick-match, and fecure it with 
paper: this paper muft be put on in the manner of that 
on the ends of wheel cafes, fo that the hollow patt, which 
projects from the end of the cafe, may. ferve to receive 
a leader from any other work, to give fire to the points 
of the ftar.. Thefe ftars may be made with any number 
of points. , 


Fixed Sun with a Tran{parent Face. 


To make a fun of the beft fort there fhould be 2 rows 
of cafes, as in Fig. 48, which will fhew a double glory, 
and make the rays {trong and full. The frame, or fun 
avheel,, muft be made thus: Have a circular flat “nave 
made very ftrong, 12 inches diameter : to this fix 6 ftrong 
flat fpokes, A, B, C, D, E, F. On the front of thefe 
fix a circular fell, 5 feet diameter, within which fix 
another fell, the length of one of the fun cafes lefs in dia- 
meter; within this ix a 3d fell, whofe diameter muft be 
iefs than the 2d, by the length‘of 1 cafe and 1 3d. The 
wheel being made, divide the fells into fo many equal 
parts as you would have cafes (which may be done from 
24to 44): et each divifion mx a fiat iron ftaple: thefe 
ftaples muft be made to fit the cafes, to hold them faft 
on the whecl: let the ftaples be fo placed, that , one 
row of cafes may lie in the middle of the intervals of 
the other. 

In the’ centre of the block of the fun drive a fpindle, 
on which put a fmall hexagon wheel, . whofe, cafes 
muft be filled with the fame charge as the cafés of 
the fun: 2 cafes of this wheel muft burn at a time, 
and begin with them on the fells. Having. fixed on 
all the cafes, carry pipes of communication, from one 
to the other, as you fee in the figure, and from one fide of 
the fun-to-the wheel in the middle, and from thence.to 
the-other.fide of the fun. Thefe leaders will hold. the 
wheel fieady while the fun is fixing up, and will alfo 
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be a fure method of lighting both cafes of the wheel to- 
gether. A fun thus made as called-a Brilliant fun, becaufe 
the, wood work: is intirely covered with fire from the 
wheel inthe middle, fo. that there appears. nothing but 
{parks of brilliant Gre: but, if you would have a Tran 
parent face in the centre, you muft have one made of 
patteboard, of any fize. The method of making a face 1s, 

by cutting outthe eyes, nofe, and mouth, for the {parks of 
the wheel to appear through ; > Agnit, inftead of this face, 

you may have one painted « on oiled paper, or Perfian filk, 
ttrained tight on a hoop; which hoop muft be fupported 
by 3 Or 4 pieces of wire, at. 6 inches diftance from the 
wheel in the centre, fo that the light of it may airy iat 
the face. By this method you may have, in the front of 
a fun, Vivar Kex, cut in pafteboard, or Apollo painted 
on filx; but, for a fmall collection, a fun with a fingle 
glory, anda Rhee in front, will be moft fuitable. ib. 
cafes, filled 10 inches ean compofition, will be. a eabd Ait 
fize for a fun of 5 feet diameter; but, if larger, the cates vie 


miuft be greater in proportion. tae 

Three Vertical Wheels illuminated, which a 
turn on their own Naves upon a Hori- oi 
zontal Table. at 


A plan of this is fhewn by Fig. 49.. Let D bea deal 
table 3. feet 6 diameter: this table muft be fixed hori- 
zontally on the top of a poft; on this poft muft be a,per- ie! 
pendicular iron fpindle, which mui come through the | 
centre of the table: then let A, B, C, be 3 fpokes joined 
to a triangular flat piece,of wood, in the middle of which 
make a hole to fit eafily‘over the fpindle: let E, b, G, 
be pieces of .wood,.4 or 5 inches long each, and 
2 inches {quare, fixed onthe under fides of ‘thé fpokes; 
in thele pieces make holes lenethwife to receive the thin 
‘part of the blocs of the w heels, which, when in, are 
prevented from coming out by‘a fmall iron pin being run 
“through theend ofeach. K, L)M, are 3 vertical oftidon 

wheels, 
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wheels, 18 inches diameter each: the blocks of thefe wheels 
mutt be long enough for 3 or 4 inches to reft on the table ; 
round which part drive a number of fharp points of wire, 
Which’ muft not projeét out of the blocks’ more than 
116th of an inch: the ufe of thefe points is, that, when 
the blocks run round, they will ftick in the'table, and 
help the wheels forward: if the naves are made of ftrong 
<vood, one inch will be enough for the diameter of’ the 
thin part, which fhould be made to turn eafy in the holes 
in the pieces F, F,G.. On the front of the wheels make 
4 or § circles df ftrong wire, or fat hoops, and tie on 
them as many illuminations as they will hold at 2 inches 
from each other: inftead of circles, you may make fpiral 
lines,” clothed ‘with illuminations, at the fame diftance 
from each other as thofe on the hoops. When ilfumina- 
tions are fixed on a fpiral ine in the front of ‘a wheel, 
they muft be placed’a little on the flant, the contrary way 
that the wheel runs: the'cafes for thefe wheels may be 
filled with any coloured charge, but muft-burn only one 
at a time. 

The wheels being thus prepared, you muft havea 
elobe, crown, or fpiral wheel, to put on the fpinale in 
the middle of the table: this fpindle fhould’ be juft long 
enough to raife the wheel of the globe, crown,,or fpiral 
wheel, fo high that its fire may play over the 3 vertical 
wheels: by this means their fires will not be confufed, 
nor will the whecls receive any damage from the fire 
of each other. In clothing this work, let the leaders 
be fo managed, that all the wheels may light together, 
and the ilfuminations after 2 cafes of each wheel are 
burnt. 


Uluminated Chandelier. 


UWluminated works are much admired by the Italians, 
and indeed are a great addition to a collection of works:. 
ina grand exhibition an illuminated piece fhould, be fired 
after every 2 or 3 wheels, or fixed pieces of common and 
brilliant fires;. and likewife illuminated works may be 
made cheap, quick, and eafy, # 
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To make an illuminated chandelier, you mut fittt have 
one made of thin wood. See Fig. 50.. The chandelier 
being made, bore in the front.of the branches, and in 
the body, and alfo in the ‘crown at top, as.many holes for 
illuminations as they will contain, at. 3 inches diftance 
from eachother: in thefe holes. put illuminations filled with 
white, blue, or brillianc charge. Having fixed in che 
port fires, clothe them with leaders, fo that the chande- 
lier and crown may light together. The’ fmall circeles 
on this figure reprefent the mouths of the illuminations, 
which muft project ftrait from the front, 


Uluminated Yew-Tree: 


_ Firft have a tree made of: wood, fuch as is thewn 
by Fig.51. .The middle piece, or ftem, on which the 
branches are fixed, muft be 8 feet 6 inches high: at the 
bottom of this piece draw a line, at right angles, 2 feet 
6 inches long at each fide; then from {.. which is 1 foot 
6 inches from the bottom, draw a line on each fide to 
C and D: thefe lines will give the length of 'the'2 firft bran- 
ches. Then put on the 2 top branches parallel to them 
at bottom: let the length of each of thefe branches be 1 foot 
from the ftem: from the ends of thefe 2 branches draw 2 
line to C and D: then fix on 5 more branches at an == 
diftance from each other, and their length will be: deters 
mined by the lines AC and-E D. When the-branches 
are fixed, place illuminating port fires on the top of éach, 
as many as you chufe: behind the top of the ftem faftena 
gerbe, or white fountain, which muft be fired at the 
beginning of the illuminations on the tree. 


Flaming Stars with Brilliant Wheels. 


To make a flaming -ftar, you muft firtt have: made'a 
circular piece of ftrang wood about 1 inch thick and 
2 feet diameter: round this block fix 8 points, 2 feet 6 in- 
ches long each; 4 of thefe points mutt be ftraight, and 4 
flaming: thefe points being joinedon very ftrong, and as 

wit 












114 AR Pr Pe PAY 


with the furface of the block, nail tin or pafteboard 
on their edges, from the block to the end» of ‘each, 
where'they muft be joined: this tin muft project in front 
8 inches, and be joined ‘where they meet at the block ; 
round the front of the block fix 4 pieces of ‘thick iron 
wire, 8 inches long each, equally diftant from each 
other : this being done, cut a piece of pafteboard round, 
2 feet diameter, and draw on it a ftar, as may be feen 
in Fig. 52. ‘This ftar cut out, and on the back of ir 
pafte oiled paper; then paint each point half red, and 
half yellow, tengthwife; but the body of the ftar muft 
be left open, wherein muft run a brilliant wheel, made 
thus: Have alight block turned'g inches long; at each 
end of it fix 6 {pokes ; at the end of each fpoke put a 
2 oz. cafe of brilliant fire: the length of thefe cafes muft 
be in proportion to the wheel, and the diameter of the 
wheel when the cafes are on muft bea httle lefs than the 
diameter of the body of the fmall flar: the,cafes on the 
fpokes in front muft have their mouths incline. outwards, 
and them on the infide fpokes: muft be placed: fo as to 
form a vertical’ circle of fire. When you place your 
leaders, carry the firft pipe from the tail of 1 of the cafes 
in front to the mouth of.1 of the infide cafes, and from 
the tail of that to anotherin front, and fo on to all the 
cafes. Your wheel being: made, putit on a fpindle, in 
the centre of the ftar; this fpindle muft have a fhoulder 
at bottom, to keep the wheel at a little diftance from the 
block. This wheel muft be keption the {pindle by a nut 
at'the end; having fixed on the wheel, faften the tranf- 
parent ftartothe 4 pieces of wires when yoy fire it, you 
will only fee a common horizontal wheel;but when the. 
firft cafe is burnt out, it will fire one of the vertical cafes, 
which’ will fhew:the ‘tranfparent ftar, and fill the Jarge 
flames and points with fire; then it will-again appear 
hike a-common wheel, and,fo on for 12 changes, 


Touch, 
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Touch-Paper for Capping of Serpents, ie 


Wl 
Ai 


Grackers, &ce. 


Diflolve, ih fpirits of wine ot qindgtt, a little faltpetre 
then take {ome purple or blue paper, and wet it with 
this liquor, and when dry it oA be it for ufe; when 
you pafte this paper on any’ of your works; take care 
that the pafte does not touch that patt which is to burn. 
The method of ufing this papetis by cutting it into'flips, 
long enough to go once round the mouth of 4 ferpent, 
cracker, &e. When you palte on thefe flips, leave a 
little above the mouth of the café not pafied; then prime 
the cafe with meal powder, and twitt the paper to a 
point. 


Projected Regulated Piece of Nine Mu+ 


i tations. 


A regulated piece, if well executed, is as curious a 
work as any in fireworks: -it confifts of fixed and move- 
able pieces on one fpindle, reprefenting varfous figures, 
which -take fire fucceffively one from another, without 
any affiftance after lighting the firft mutation ; j but, for 
the better ckplanayon: of this piece, I fhall give a full 
defcription of the method of communicating the fire from 
one mutation to the other, with a figure of each as they 
ftand on the fpindle.. Regulated pieces are made of many, 
kinds, and of any number of mutations, from 2 to 9, 
which is the greateft number I ever. knew a piece ta con- 
fift of, except one of my own making, which was com- 
pofed of 15 mutations, all different fires and fisures 
but, as an explanation uF fo large a piece would be diff 
cult to comprehend, I fhall omit it, leaving fo many 
changes to thofe who have made a great progrefs in this 
art, and only teach the manner of making a piece of 9 mu- 
tations, as fhewn in Plate V, Fig. 53. As it will.be ne- 
eeflary that every mutation fhould be feparately explained, 

2 I fhall 
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1 hall firft give the name of each, with the colour of fire; 
and fize df: the cafe belonging to it; after which proceed 
with the proportion of each mutation, with the nature of 
the fpindle, and placing the leaders. 


Firft Mutation 


Ts @ hexagon vertical wheel, illuminated in front with 
fmall port fires tied on the fpokes; this wheel muft be: 
clothed with 2 0z. cafes, filled with black charge ; the 
length of thefe cafes is determined by the fize of the 
wheel, but muff burn fingly. 


Second Mutation 


Is a fixed piece, calleda Golden Glory, by reafon of 
the cafes being filled with f{pur-fire ; the cafes muft ftand 
perpendicular to the block on which they are fixed, fo- 
that, when burning, they may reprefent a glory of fire: 
this mutation is generally compofed of 5 or 7 2-02. Cafes. 


Third Mutation 


Is moveable, and is only an octagon vertical wheel, 
clothed with 4 02. cafes, filled with brilliant charge; 2 of 
thefe cafes muft burn at atime: in this wheel you may 
make changes of fire. 


Fourth Mutation 


Is a fixed fun of brilliant fire, confifting of 12 4-02. 
cafes; the necks of thefe cafes muft be a little larger than 
thofe of 4 oz. wheel cafes: in this mutation may be made 
a change of fire, by filling the cafes half with brilliant 
charge, and half with grey. 


Fifth Mutation 


Is 2 fixed piece, called the Porcupine’s Quills; this 
piece confifts of 12 fpokes; {landing perpendicular to 


the 
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the block in which they are fixed; on-each of thefe fpokes, 
near the end, muft be placed a 4 oz. cafe of brilliant fire; 
all thefe cafes muft incline either to the right or left, fo 
that they may all play one way. 


Sixth Mutation 


Is a ftanding piece, called the Crofs Fire. This muta- 
tion confifts of 8 fpokes fixed in a block; near the end 
of each of thofe fpokes muft be tied 2 4-0z. cafes of white 
charge, one acrofs the other, fothat the fires from the 
cafes on 1 fpoke may iaterfect the fire from cafes on 
the other. 


Seventh Mutation 


Is a fixed wheel, with 2 circular fells, on which are 
placed 16 8-ounce cafes of brilliant fire, in the form of a 
Star: this piece is called a Fixed Star of Wild-fire. 


Eighth Mutation, 


This is a beautiful piece, called a Brilliant Star-piece : 
it confifts of 6 fpo'es, which are ftrenethened by 2 fells 
of a hexagon form, atfome diftance from each other; at 
the end of each fpoke, ta the front is fixed a brilliant 
ftar of 5 points; and on’ each fide of every ftar is placed 
a4oz. cafeof black or grey charge; thefe cafes muft 
be placed with their mouths fideways, fo that their fires 
may crofs each other, 


Ninth Mutation 


Ts a wheel. piece: this is compofed of 6 long fpokes, 
with a hexagon vertical wheel at the end of each; thefe 
svheels run on fpindles in the front of the fpokes; all the 
wheels are lighted together: 2 0z. cafes will do for thefe 
wheels, and may be filled with any coloured charge. 
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After having {poke of the feveral parts of the regulated 
piece, each by their proper names and colour of fire, I 
fhall next proceed with the proportion of every mutation, 
with the method of conveying the fire from one to the 
other, and the diftance they {tand one from the other on 
the fpindle, 


Firft Mutation 


Mutt bea hexagon vertical wheel, 14 inches diameter ; 
on one fide of the block, whofe diameter is 2 % inches, is 
fixed a tin barrel, A, fee Fig. 53, No. 1. this barrel muft 
be a little lefs in diameter than the nave; let the length 
of the barrel and block be 6 inches. Having fixed the 
cafes on the wheel, carry a leader from the tail of the 
Jaft cafe into the tin barrel through a hole made on pur- 
pofe, 2. inches from the block; at the end of this leader 
jet there be about 1 inch or 2 of loofe match; but take 
care to fecure well the hole wherein the pipe is put, to 
prevent any fparks falling in, which would light the 
fecond mutation before its time, and confufe the whole. 


Second Mutation 


1s thus made, Have a nave turned 2 4 inches diame- 
ter, and 3 long; then let % an inch of that end which 
faces the firft wheel be turned fo as to fit eafy into the 
tin barrel of the firft mutation, which muft turn round 
it without touching; on the other end of the block fix 
a tin barrel, B, N°, 2. this barrel muft be 6 inches long, 
and only £ an inch of it to fit on the block. | Round the 
nave fix 5 fpokes, 3 }inch long each; the diameter of 
the fpokes muft be equal to a 2 oz former; on thefe 
{pokes put 5 7-inch 2+oz, cafes of fpur fire, and carry 
leaders from the mouth of one to the other, that they may 
all light together; then from the mouth of 1 of the cafes, 
carry a leader through a hole bored flantways in the nave, 
from between the fpokes, to the front of the block near 
the fpindle hole; the end of this leader muft projet out. 
! of 
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of the hole into the barrel of the firft mutation, fo that 
when the pipe which comes from the end of the laft cafe 
on the firft wheel flafhes, it may take fire, and light the 
2d mutation. T’o communicate the fire to the 3d mu- 
tation, bore a hole near the bottom of one of the 5 cafes 
to the compofition, and from thence carry a leader into 


a hole made in the middle of the barrel B; this hole muf 


be covered with pafted paper. 


Third Mutation 


May be either an octagon or hexagon wheel, 20 inches 
diameter; let the nave be 3 4 inches diameter, and 3 in 
length; 1 § inch of the front of the nave muft be made to 
fit inthe barre] B. On the other end of the block fix a 
tin barrel, C, N°. 3. this barrel muft be 64 inches in length, 
one inch of which mu fit over the block, The cafes 
of this wheel muft burn 2 at atime; and from the mouths 
of the 2 firft cafes carry a leader, through holes in the 
nave, into the barrel of the fecond mutation, after the 
ufual manner; but befides thefe leaders let there be a pipe 
go acrois the wheel from one firft cafe to the other; then 
from the tail of one of the laft cafes carry a pipe into a 
hole in the middle of the barrel ©: at the end of this pipe 
Jet there hang fume loofe quick match. 


Fourth and Fifth Mutations. 


I fhall here {peak of thofe 2 mutations under 1 head, 


as their naves are made‘of 1 piece, which from E to F’ 


is t4 inches; E, a block 4 inches diameter; with 10 or 
12 fhort {pokes, on which are fixed’1r inch 8 0%. cafes : 
let the front of this block be made to fit eafy i the bar- 
rel C, and clothe the cafes fo that theymay alPlight to- 
gether; and let.a pipe be carried \through’a hole in the 
blockinto the barrel G, inorder 'to'réceive thé fire from 
the leader brought: from -thelaft cafe‘on'the wheel. -G} 
the nave dfithe: sthonmitation; whofe °diameter mutt be 


eo 


4%. inchestiin this nave fro olor 12 Spokes? 2'feot! in! 
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length each; thefe fpokes muft ftand 7 inches diflate 
from the {pokes of the 4th mutation ; and at the end of 
each fpoke tie a 4 0z. cafe, as No 5. all thefe cafes are to 
be lighted together, by a leader brought from the end 
of 1 of the cafes on No. gy. Let FandH be of the fame 
piece of wood as E and G, but as much thinner as poffible, 
to make the work light. oped 


sa 


Sixth and Seventh Mutations. 


The blocks of thefe 2 mutations are turned out of 
1 piece of wood, whofe length from F to P is 15 inches. 
L, a block 5 inches diameter, in which are fixed 8 fpokes, 
each 2 foot 4 inches long; at the end of each fpoke tie 
24-0z. cafes, as N°. 6. all thefe cafes muft be fired at 
the fame time, by a pipe brought from the end of one of 
the cafes on the 5th mutation. | et the diftance between 
the {pokes at L and thefe in the 5th mutation be 7 inches. 
M, the nave of the 7th mutation, whofe diameter muft be 
5 %inches: in this nave fix 8 fpokes, and on the front of 
them 2 circular fells, 1 of 4 feet 8 inches diameter, and 1 of 
3 feet 11 diameter; on thefe fells tie 16 8-oz. or pound cafes 
as in N°. 7. and carry leaders from one to the other, fo that 
they may be all fired together. This mutation muft be 
fired by a leader brought from the tai! of one of the cafes 
on the fixth mutation. 


Eighth and Ninth Mutations. 


The blocks of thefe may be turned out of one piece, 
whofe length from P to D muit be £2 inches. O, the 
block of the 8th mutation, which muft be 6 inches dia- 
meter, and in it fixed 6 fpokes, each 3 feet in length, 
ftrengthened by an hexagon fell within 3 or 4 inches of 
the ends of the fpokes; clofe to the end of each {poke, 
in the front, fix a five-pointed brilliant ftar; then 7 inches 
below each ftar, tie 2-10-inch 8-oz. cafes, fo that the 
upper ends of the cafes may refton the fells, and their 
ends on the fpokes ; each of thefe cafes muft be placed 
parallel:to the oppofite fell. See N°.8, NNN, &c. ate 
the cafes, and kkk, &c. the ftars. 

The 
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The gth mutation is thus made. Let D be a block 7 
inches diameter; in this block mutft be {crewed 6 {pokes, 
6 feet long each, with holes and grooves for leaders, as 
thofe in the dodecaedron; at the end of each {poke, in 
the front, fix a fpindle for a hexagon vertical wheel, 
10 inches diameter, asin N®. 9. When thefe wheels are 
on, carry a leader from each into the block, fo that they 
may all meet; then lead a pipe from the end of 1 of the 
cafes of the 8th mutation, through a hole bored in the 
block D, to meet the leaders from the vertical wheels, 
fo that they may all be fired together. 

The fpindles for large pieces are required to be made 
very ftrong, and as exatt as poffible; for a piece of 
g mutations, let the {pindle be at the large end 1 inch dia- 
meter, and continue that thicknefs as far as the 7th muta- 
tion, and from thence to the sth; let its diameter be 2 of 
an inch; from the fifth to the fourth, 5 8ths of an inch; 
from the fourth to the fecond, £ an inch; and from the 
fecond to the end, 3 ths of an inch: at the {mall end 
muft be a nut to keep onthe frit wheel, and at the thick 
end muft bea large nut, as fhewn by the figure; fo that 
the fcrew part of the fpindle being put through a poft, and 
a nut {crewed on tight, the fpindle will be held faft and 
fteady ; but you are to obferve, that that part of the {pin- 
dle, on which the moveable pieces are to run, be made 
long enough for the wheels to run eafy without fticking ; 
the fixed pieces being made on different blocks, the lead- 
ers muft be joined, after they are fixed on the fpindle. 
The beft method of preventing the fixed mutations from 
moving on the fpindle, is, to make that part of the fpin- 
dle which goes through them {quare; but as it would be 
difficult to make fquare holes through fuch long blocks 
as are fometimes required, it will be belt to make them 
thus; Bore a round hole a little larger than the diameter 
of the {pindle, and at each end of the block over the 
hole, faften a piece of brafs with a {quare hole in it to 
fit the {pindle, 
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To make an Horizontal: Wheel change 
to a Vertical Wheel with a Sun in 
Front. 


The fudden change of this piece is very pleafing, and 
gives creat furprife to thofe who are not acquainted with 
the contrivance. A wheel for this purpofe fhould be 
about 3 feet diameter, and its fell circular, on which tie 
16 half-pound cafes filled with brilliant charge; 2 of thefe 
cafes muft burn at a time, and on each end of the nave 
miuft be a tin barrel of the fame conftruction as thofe on 
the regulated piece ; the wheel being completed, prepare 
the poftor ftand thus: firft have a ftand made of any 
“height, about 3 or 4 inches fquare; then faw off from 
the top, a piece 2 feet long; this piece join again at the 
place where it was cut, with a hinge on one fide, fo that 
it may lift up and down in the front of the ftand, then fix 
on the top of the bottom part of the ftand, on each fide 
a bracket: thefe brackets muft projeét at right angles 
with the ftand, 1 foot from the front, for the fhort piece 
to reft on; but thefe brackets muft be placed a little above 
the joint of the poft, fo that when the upper ftand falls, 
it may lie between them at right angles with the bottom 
ftand, which may be done by fixing a piece of wood, 
t foot long, between the brackets, and even with the top 
of the bottom ftand; then, as the brackets rife above the 
bottom fland, they will form a channel for the fhort poft 
to lie in, and keep it fteady without ftraining the hinge: 
on the fide of the fhort poft oppofite the hinge, nail a piece 
of wood, of fuch a length, that, when the poft is perpen- 
dicular, it may reach about 1 4 foot down the long poft, 
to which being tied, it will hold the thort ftand upright : 
the ftand being thus prepared, in the top of it fix a fpindle 
to inches long; on this fpindle put the wheel, then fix 
ona brilliant fun with a fingle glory; the diameter of 
this fun muft be 6 inches lefs than that of the wheel. 
When you fire this piece, light the wheel firft, and let it 

mun 


FIREWORKS. 195 


run horizontally till 4 cafes are confumed; then from the 
end of the 4th cafe carry a leader into the tin barrel that 
turns over the end of the ftand; this leader muft be met by 
another brought through the top of the poft, from a cafe 
filled with a ftrong port-fire charge, and tied to the bot- 
tom poft, with its mouth facing the pack-thread which 
holds up the ftand, fo that when this cafeis lighted, it 
will burn the pack-thread, and let the wheel fall forward, 
by which means it will become vertical; then from the 
latt cafe of the wheel, carry a leader into the barrel next 
the fun, which will begin as foon as the wheel is burnt 
out. 


Grand Volute illuminated with a projected 
Wheel in Front. 


Firft have 2 hoops made of ftrong iron wire, one of 

6 feet diameter, and one of 4 feet 2 inches; thefe hoops 
muft be joined to fcrolls A, A, A, &c. as in Fig. 54, 
Thefe {crolls muft be made of the fame fort of wire as the 
hoops: on thefe fcrolls tie, with iron binding wire, as 
many illuminating port-fires as they will hold, at 2 inches 
diftance: thefe port fires clothe with leaders, fo that they 
may all take fire together ; then let C be a circular wheel 
of 4 fpokes, 3 feet 6 inches diameter, and on its fell tie 
as many 4.0Z. cafes, head to tail, as will complete the 
circle, only allowing a fufficient diftance between the 
cafes, that the fire may pafs free, which may be done by 
cutting the upper part of the end of each cafe a little thelv- 
ing: on each {poke fix a 4 0z, cafe about 3 inches from 
the fell of the wheel; thefe cafes are to burn one at a time, 
and the firft of them to begin with thofe on the fell, of 
which 4 are to burn at a time, fo that the wheel will laft no 
longer than 2 of the cafes on the fell, which in number 
fhould be 16 or 20: on the front of the wheel form a fpiral 
line, with flrong wire, on which tie port fires, placing them 
onaflant, with their mouths to face the fame way as the 
cafes on the wheel; all thefe port fires muft be fired with the 
2d cafes of wheel, . Let D, D,D, &c. be fpokes of wood, 
all made to ferew into a block in the centre; each f3 sie 
, pokes 
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{pokes may be in length about 4 feet 6 inches; in the 
top of each fix a fpindle, and on each fpindle put a fpirali 
wheel of 8 fpokes, fuch as E, E, E, &c. ‘The blocks of 
thefe wheels muft have a hole at top for the centre cafes, 
and the {pindle muft have nuts fcrewed on their ends; 
which nuts fhould fitin the holes at’top of the blocks, fo 
fo that all the wheels muft be put on before you fix in 
the centre cafes: as fome of thefe wheels by reafon of 
their fituation will not bear on the nut, it will be necef- 


fary to have {mooth fhoulders made on the fpindles for 


the blocks to run on; the cafes of thefe wheels are to burn 
double, and the method of firing them is, by carrying a 
leader from each down the fpokes into the block in the 
centre, as in the dodecaedron, but the centre cafe of each 


‘wheel muft begin with the 2 laft cafes as ufual. It is to 


be obferved, that the large circular wheel in-front muft 
have a tin barrel on its block, isto which a pipe muft be 
carried from one of the fecond cafes on the wheel ; this 
pipe being met by another from the large block, in which 
the 8 {pokes are {crewed, will fire all the {pirali wheels 
and the illuminating port fires at the fame time. The 
cafes of the projected wheel may be filled with a white 
charge, and thote of the fpirali wheels, with a grey. 


Moon and Seven Stars. 


Let Fig. 55. bea fmooth circular board, 6 feet diame- 
ter; out of the middle of it cut a circular piece 12 or 
14 inches diameter, and over the vacancy put white 
Perfian filk, on which paint a moon’s face; then let 
I, 1,1, &c. be ftars each 4 or § inches diameter, cut 
out with 5 points, and covered with oiled filk: on the 
front of the large circular board, draw a 7-pointed 
ftar, as large as the circle will allow ; then on the lines 
which form this ftar, bore holes, wherein fix pointed 
ftars. When this piece is to be fired, it muft be fixed 
upon the front of a poft, on a fpindle, with a wheel’ of 
brilliant fire behind the face of the moon; fo that while 
the wheel burns, the moon and ftars will appear tranfpa- 
rent, and when the wheel’ has burnt out, they will dif- 

me es . appear, 





appear, and the large ftar in front, which is formed of 
pointed ftars, will begin, being lighted by a pipe of com- 
munication ‘from the. laft cafe of the vertical wheel, behind 
the moon; this pipe muft be managed in the fame man- 
acr as thofe in regulated pieces. 


Double Cone Wheel Illuminated. 


This piece is reprefented by Fig. 56. Let A be a 
ftrong decagon wheel, 2 feet 6 inches diameter; then on 
éach fide of it fix a cone B and C; thefe cones are. to 
confift of a number of hoops, fupported by 3 Or 4 pieces 
of wood, in the manner of the fpiral wheels: let the height 
of each cone be 3 feet 6 inches, and on all the hoops ti¢ 
port fires horizontally, with their mouths outwards, and 
clothe the wheel with 8 ounce cafes, all to play horizon- 
tally, 2 at atime: the cones may be fired with the firft 
or fecond cafes. The fpindle for this piece mutt oO 
through both the cones, and rife 3 fect above the point 
of the cone at top, fo'that its length will be 10 feet 4 in- 
ches from the top of the poft H, in which it is fixed, al- 
lowing 4 inches for the thicknefs of the block of the 
wheel: the whole weight of the wheel and cones mutt 
bear on a fhoulder in the fpindle, on which the block 
of the wheel muft turn: near the top of the fpindle muft 
be a hole in the front, into which ferew a fmal} fpindle, 
after the cones are on; then on this fmall {fpindle fix a 
fun, D, compofed of 16 nine-inch 4 oz. cafes, of brilliant 
fire; which cafes mult not be placed on a fell, but only 


ftuck into a block of 6 inches diameter: then inthe front . 


of this fun muft be a circuiar vertical wheel, 16 inches 
diameter; on the front of this wheel form with iron wire 
a fpiral line, and clothe it with ihuminations, after thé 
ufual-method. “As this wheel is not to be fired till the 


_ cones are burnt out, the method of firing it is, —T.et the 


hole in the block, at the top of the uppermoft cone, be 
a little larger than the fpindle which pafles through ir, 
then, from the firft cafe of the vertical wheel before the 
fun, carry a leader down the fide of rhe f pindle to the top 


of 
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of the block of the horizontal wheel, on which muftbe 
a tin barrel; then this leader, being met by another 
brought from the end of the laft cafe of the horizontal 
wheel, will give fire to the vertical wheel, fo foon as the 
cones are extinguifhed; but the fun, , muff not be 
fired, till the vertical wheel is quite burnt out. 


Fire-Pumps. 


Cafes for fire-pumps are made as thofe for tourbillotiss 
only they are patted, inflead of being rolled dry. Hay- 
ing rolled and dried your cafes, fill them: firft putin a 
little meal powder, and then a ftar; on which ram lightly 
a ladle or 2 of compofition, then a little meal powder, 
and on that a ftar, then 4gain compofition, and fo on till 
you have filled the cafe. Stars for. fire. pumps fhould 
not be round, but muft be made either fquare, or flat and 
circular, with a hole through the middie; the quantity 
of powder for throwing the flars muft increafe as you 
come near the top of the cafe; for, if much powder, be 
put at the bottom, it will burft the cafe. The flars mult 
differ in fize, in this manner: let the ftar which you put 
in firft, be about 4 lefs than the bore of the cafe; but let 
the next ftar be a little larger, and. the 3d ftar a hitele 
larger than the 2d, and fo on: let them increafe in dia 
meter, till within 2 of the top of the cafe, which 2 muft 
fit in tight. As the loading of fire-pumps_ is. fomewhat 
difficult, it will be neceffary to make 2 or 3 trials, before 
you depend on their performance: when you fill a nums 
ber of pumps, take care not to put in each an equal quan 
tity of charge between the ftars, fo that when they, are 
fired they. may not throw up too many; ftars together. 
Cafes for fire-pumps fhould be made very ftrong,:and 
rolled on 4 or § oz. formers, 10 or 12 inches long each, 


Vertical 
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Vertical Scroll Wheel. 


This wheel may be made of any. diameter, but mutt 
be conftructed as in Fig. 57, to do which proceed thus: 
Have a block made of-a moderate’ fize, into. which fix 
4 flat pokes, and on them 4x a flat.circular fell of wood; 
round the front of this fell place port-fires; then en the 
front of the fpokes form a feroll, either with a hoop or 
firong iron wire; on this fcroll tie cafes. of brilliant fire, 
in proportion to the wheel, head to tail, as in the figure. 
When. you fire this wheel, licht the firft cafe near the fell ; 
then, as the cafes fire fucceffively, you will fee the circle 
of fire gradually diminifh ; but whether the illuminations 
on the fell begin with the fcroll, or not, is immaterial, 
that being left intirely to the maker. 

N.B. This wheel may be put in. the front ofa req 
gulated piece, or fired by itfelf, occafionally. -- 


Pin- Wheels, 


Firft roll fome paper pipes, about 14 inches long each: 
thefe pipes muft not be made thick of paper, 2 or 3 rounds 
of elephant paper being fufficient. When your pipes are 
thoroughly dried, you muft have made a tin tube, 12 inches 
long, to fit eafy into the pipes; at one end of this tube fix 
af{mall conical cup, which done is called a funnel: then 
bend 1 end of 1 of the pipes, and put the funnel in at the 
other, as far as it will reach, and, fill the cup with com- 
pofition: then draw out the funnel by a little at a time; 
fhaking it up and down; and it will fill the pipe as it 
comes out. Having filled fome pipes, have made fome 
fmall blocks, about r inch diameter, and # inch thick: 
round 1 of thefe blocks wind and pafte a pipe, and to 
theend of this pipe join another; which muft be done by 
twifting the end of one pipe toa point, and putting it 
into the end of the other, with a little pafte: in this map- 
ner join 4 or 5 pipes, winding them one upon the other, 
foasto form a fpiral line, faving wound on your pipes; 
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‘pafte 2 flips of paper acrofs them, to hold them to- 


gether: befides thefe flips of paper the pipes muft be 
pafted together. 

There is another method of making thefe wheels, called 
the French; which is, by winding on the pipes without 
pafte, and fticking them together with fealing-wax, at 
every half-turn; fo that, when they are fired, the end 
will fall loofe every time the fire pafles the wax; by 
which means the circle of fire will be confiderably in- 
creafed. The formers for thefe pipes are made from 
1 $to 4 16ths of an inch diameter, and the compofition 
for them as follows; meal powder 8 oz. faltpetre 2 oz. 
and fulphur 1: among thefe ingredi nts may be mixed a 
little fteel-filings, or the duft of caft iron: this compofi~ 
tion fhould’be very dry, and not made too fine, or 1 will 
ftick in the funnel. Thefe wheels may be fired on 2 
large pin, and held in the hand with fafety. 


Fire-Globes. 


There are 2 forts of fire globes, one with projected 
eafes, the other with the cafes concealed thus: Havea 
globe made of wood, of any. diameter you chufe, and 
divide the furface of it into 14 equal parts, ‘and at each 
divifion bore a hole perpendicular to thé centre: thefe 
holes muft be in proportion to the cafes intended to be 
ufed: in every hole, except one, put a cafe filled’ with 
brilliant, or any other charge, and let the mouths of the 
cafes be even with the furface of the globe; then cut in 
the globe a groove, from the mouth of one cafe to the 
other, for leaders, which muft be carried from cafe to 
cafe, fo that they may all be fired together: this 
done, cover the globe with a fingle paper, and paint 
it, . Thefe globes may be ufed to ornament a building. 

Fire-globes with projected cafes are made thus: Your 
globe being made with 14 holes bored in it as ufual, fix 
in every hole, except one, a cafe, and let each cafe pro- 
ject from the globe 2 thirds of its length; then clothe 
all the cafes with leaders, fo that they may all take fire 

ern, 
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at the fame time. Fire-globes are fupported by a pintle, 


made to fitthe hole in which there is no cafe. 


To thread and join Leaders, and place them 
on different Works. 


Joining and placing Leaders is a very effential part 
of fire-works, as it is on the leaders that the performance 
of all complex works depends; for which reafon I thall 
endeavour here to explain the method of conducting 
pipes of communication, in as plain a manner as poffible. 
Your works being ready to be clothed, preceed thus: 
Cut your pipes of a fufficient lenoeth to reach from one 
cafe to the other; then put in the quick-match, which 
muft always be made to go in very ealy : when the match 
is in, cut ‘it off within about an inch of the end of the 
pipe, and let “it project as much at the other end; then 
faften the’ pipe to the mouth of eacH cafe with a pin, and 
put’ the loofe-ends of the: match'into the mouths ‘of ‘the 
cafes, with a little meal powder: this doné to‘allthe cafes, 


‘patie over the mouth of each 2 or 3 bits of paper. The 
"preceding method is ufed for large cafes}and the following 


for fmall, and for iNuminations: Firt thread a lone pipe ; 
then lay it on the tops of the cafes, and cut a bit off the 
under fide, over the mouth of each cafe, fo thatthe match 
may appear; then pin the pipe to every other café, but 
before you put on the pipes, put a little meal powder in 
the mouth of each cafe: if the cafes thus clothed are port 
fires on illuminated works, cover the mouth of each cafe 
with a fingle paper; but, if they are cloaked cafes, fitu- 


ated fo that a number of fparks from other works’ ma 
fall on them before they are fired, fecure them with 2 OF 
4 papers, which muft be pafted on very fmooth,: that there 


may be no-creafes for the fparks to lodge in, which oft 
Jet fire to the works before their time, Avoid, as much 
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to make them very ftrong, and fecure at the joints, andaat 
every opening. 

When a great length of pipe is required, it muft be 
made by joining feveral pipes in this manner: Haying 
put on 1 length of match as many pipes as it will hold, 
pafte paper over every joint; but, if a ftill greater length 
is required, more pipes muft be joined, by cutting off 
about an inch of one fide of each pipe near the end, and 
laying the quick-match together, and tying them faft 
with {mall twine; after which, cover the joining with 
patted paper. 


Placing Fire-works to be exhibited, with 
the Order of Firing. 


Nothing adds more tothe appearance of fire-works, than 
the placing them properly; though the manner of placing 
them chiefly depends on the judgement of the maker. 
I fhall give fuch rules here, as have been generally obfer- 
ved; for example, whether your works are to be fired on 
a building, or on ftands: If they are a double fet, . place 
one wheel of a fort on each fide of the building; and next 
to each of them, towards the centre, place a fixed piece, 
then wheels, and fo on; leaving a fufficient diftance be- 
tween them, for the fire to play from one without burn- 
ing the other: Having fixed fome of your works thus in 
front, place the reft behind them, in the centre of their 
intervals: the largeft piece, which is generally a regu- 
lated or tranfparent piece, muft be placed in the centre 
of the building, and behind it a fun, which muft always 
ftand above all the other works: alittle before the build- 
ing, or flands, place your large gerbes ; and at the back 
of the works, fix your marron batteries, pots des aigret- 
tes, pots des brins, pots des fauciflons, air balloéns, 
and flights of rockets: the rocket ftands may be fixed 
behind, or any where elfe, fo as not to be in the way of 
the works. 

single 
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Single collections are fired on ftands; which ftands are 
Made in the fame manner as theodolite ftands, only 
the top part muft be long or fhort occafionally: thefe 
ftands may be fixed up very foon without much trou- 
ble. Having given fufficient inftru€tions for placing 
of fireworks, I fhall proceed with the manner of firing 
them. 


Order of Firing. 


1. Two fignal 
2. Six fky 

3. Two honorary 
4. Four caduceus | | 

sdb Fairal Wheels illuminated 
sai (tranfparent ftars 

» A line rocket of 5 changes 

g. Four tourbillons 


\ rockets 


CONT GDH 


10. | {horizontal wheels 
Cif obits air balloons illuminated 
12. * Two 4 Chinefe fountains 
hey | ' regulating: pieces of 4 mutations each 
14. J | pots des aigrettes 7 


15. Three large gerbes © - 
16. A flight of rockets 
17, bTwo ballocn wheels 
cafcades of brilliant fire 
19. Twelve fky rockets — 
20. MT juvamindted yew. trees 
air balloons of ferpents, and 2 compound 
22, Four tourbillons 


- my . e 1 
922, ruiloni wheels 
z Tw / 

An 


illuminated globes with horizontal wheels 
25. One pot'des fauciffons 

26. ‘Two.plural wheels . 
27. Marron, battery 

28. Towo.chandehers illuminated 


.29. ‘Range of pots des brins 


K 2 30, Twelve 
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30. ‘Twelve fky rockets 

31. Two yew-trees of fire 

32. Neft of ferpents ; 

33. Two double cones illuminated 

34. Kegulating piece of feven mutations, ViZe 
i. Vertical wheel illuminated 

. Golden glory 

. Octagon vertical wheel 

» Porcupine’s quills 

5. Crofs fires | 

y. Star piece with brilliant rays 

» six vertical wheels 

35. Brilliant fun 

36. Large flight of rockets. 


NO 
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a 


When water-works are to be exhibited, divide them 
into feveral fets, and fire one fet after every fifth or fixth 
change of land and air-works. Obferve this rule.in firing 
a double fet of works; always to begin with fky-rockets, 
then two moveable pieces; then two fixed pieces, and 
foon; ending with a large flight of rockets, or a marron 
battery: if a fingle collection, fire a fixed piece after 
every wheel or two, and now and then fome air and 


water- works. 


Fountain of Sky Rockets. 


Plate €th, Fig. 3. reprefents a fountain of 30 rockets. 
Let A bea perpendicular poft, 16 feet high from the 
ground, and 4 inches fquare. Let the rail, or crofs 
piece, C, be 1 foot 6 inches long, 3 inches broad, and 
1 thick. The rail D, at bottom, muft be 6 feet long, 
1 foot broad, and 1 inch thick. F,and G, are thetwo 
fides which ferve to fupply the rails D, E, H, I, C: thefe 
fides are 1 foot broad at bottom, and cut in the front 
with a regular flope, to 3 inches at top; but their back 
edges mutt be parallel with the front of the pots A. The 
breadth of the rails E, H, I,. will be determined by the 
breadth of the fides: all the rails muft be fixed at 2 feet 


diftance 
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diftance from each other, and at right aneles with the 
pots. Having placed the rails. thus, bore in the bottom 
rail 10 holes, at equal diftances, large enough to receive 
the ftick of a one-pound rocket; in the back edge of this 
rail cut a groove from one end to the other, fit to con- 
tain a quick-match; then cut a groove in the top of the 
rail, from the edge of each hole, into the groove in the 
back: in the fame manner cut in the fecond ee aie 
8 holes and grooves; in the third rail, H, 6 holes and 
grooves; inthe fourth rail, I, 4 holes and grooves; and 
inthe top rail, 2 holes and grooves. B, arail with holes 
in it, to guide the ends of the rocket fticks: this rail mutt 
be fixed 6 feet from the rail D. The fountain frame 
being thus made, prepare your rockets thus: Tie round 
the mouth of each a piece of thin paper, large enough 
to go twice round, and to project about an inch and £ 
from the mouth of the rocket, which muft be rubbed 
with wet meal-powder; in the mouth of each rocket put 
a leader, which fecure wellavith the paper that projects 
from the mouth of the cafe: thefe leaders muft be carried 
into the grooves in the back of the rails, in which lay a 
quick-match from one end to the other, and cover it with 
pafted paper: holes muft be made in the rail D, to receive ~ 
the ends of thé fiicks of the rockets, in the rail E, and fo 
on to the fourth rail; fo thatthe fticks of the rockets at 
top will go through allthe rails. The rockets being fo 
prepared, fixa gerbe, or white flower pot, on each rail, 
before the poft, with their mouths inclining~a little for- 
wards: thefe gerbes muff be lighted all at once: Behind 
or before each gerbe, fix a cafe of brilliant or flow fire: 
thefe cafes muft be filled fo that they may burn out one 
after the other, to regulate the fountain, which may be 
done by carrying a leader, from the end of each flow or 
brilliant fire, into the groove inthe back of each rail, 
Different fized rockets may be ufed in rhefe fountains; 
but it will be beft to fill the heads of the rockets on each 
rail with different forts of things, in this manner;  thofe 
at top with crackers, the next with rains, the third with 


K 3 ferpents, 
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Serpents, the fourth with tailed ftars, and the laft flghy 
with common or brilliant ftars, 


alm- Tree. 


This piece, though made of common fires, and of a. 
fimple conftruétion, has a very pleafing effect ; owing: 
to the fires interfecting fo oft, that they refemble the bran- 
ches of trees. . Fig. 2d. Let 4 be a perpendicular polt,, 
of any thicknefs, fo that it is fufficiently ftrong to hold 
the cafes: let the diftance from B to C be2 feet 6 inches, 
and from C to D 2 feet 6 inches; and let the length of 
each crofs piece be 2 feet; on each end of each fix a five- 
pointed ftar ; then fix on pegs made on purpofe, 12 inch 
half-pouad cafes of brilliant fire, as in the figure. All the 
cafes and ftars muft be fired at once. This piece fhould 
be fixed high from the ground, 


Tiuminated Pyramid, with Archimedian 
Screws, a Globe and Vertical Sun, 


May be made of any fize : one made according to the 
dimenfions of Fig. 3d, will be a good proportion, whofe 
height is 21 feet; from C to D, 6 feet; from E to F, g feet: 
the {page between the rails muft be 6 inches, and the 
rails as thin as poflible: in all the rails ftick port-fires at 
4 inch¢s diftance. The Archimedian fcrews, G, K, are 
nothing more than double fpiral wheels, with the cafes 
placed on their wheels horizontally, inftead of obliquely. 
‘The vertical fun, I, need not confift of more than 12 rays, 
to form afingle glory. The globe at top muft be made 
in proportion to the pyramid, which being prepared ac- 
cording to the preceding directions, place your leaders fo 
that all the illuminating port-fires, fcrews, globe, and 
fin, may take fire together. The pyramid muft be fup- 
ported by the 2 fides, and by a fupport brought from a 
pole, which muft be placed 2 feet from the back of the 
pyramid, thatthe wheels may run free, 


Rofe 
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Rofe-Piece and Sun. 


A role-piece may be ufed for a mutation of a regulated 
piece, or fired by itfelf; it makes the bert appearance 
when made large; if its exterior diameter be 6 feet, it 
will be a good fize. Fig. 4. fhews the manner it appears 
in before it is fired. Let the exterioy fell be made af 
wood, and fupported by 4 wooden fpokes: all the other 
parts, on which the illuminations are fixed, muft be made 
of ftrong iron wire: on the exterior fell place as many 
1b. cafes of brilliant charge as you think proper, but the 
more the better ; for the nearer the cafes are placed, the 
ftronger will be the rays of, the fun: the illuminations 
fhould be placed within 3 inches of each other ; they 
muft be all fired together, and burn fome time before the 
fun is lighted ; which may be done by carrying a leader 
from the middle of one of the illuminations, to the mouth 


of one of the fun cafes. 


Tranf{parent Stars with Illuminated Rays. 


Plate 7, Fig. 5th, reprefents an illuminated ftar. Let 
the diameter from A toB be 2 feet, and from C to D; 
7 feet. Firft make a ftrong circular back or body of the 
ftar, 2 feet diameter, to which you fix the illuminated 
rays; in the centre of the front of the body fix a fpindle, 
on which put a double triangular wheel, 6 inches diame- 
ter, clothed with 2 ounce cafes of brilliant charge ; the 
cafes on this wheel muft burn but1 at time. Round the 
edge of the body nail a hoop made of thin wood or tin; 
this hoop muft project in front 6 or 7 inches: in this 
hoop cut 3 or 4 holes to let out the fmoke from the 
wheel. The ftar and garter may be cut out of ftrong, 
pafte-board, or tin, made in this manner: Cut a round 
piece of pafteboard, or tin, 2 feet diameter, on which 
draw a ftar, and cut it out; then over the vacancy 


afte Perfian filk ; paint the letters yellow ; 4 of the rays 


yellow, and 4 red; the crofs in the middle may be painted 


half red, and half yellow, or yellow and blue. This 
K 4 cran{parent 
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tianf{parent flar muft be faftened to the wooden hoop by 
a {crew, to take off and on>.the illuminated rays are 
-made of thin wood, with tin fockets fixed on their fides 
Within 4 inches of each other; in thefe fockets ftick illu- 
minating port-fires; behind the point of each tay fix a 
hali-pound cafe of grey, black, or Chinefe fire. 

N. B. The illuminated rays to be lighted at the fame 
time as the triangular whed¢l, or after it is burnt out; 
which may be done by a tin barrel being fixed to the 
wheel, after the manner of thofe in the regulated pieces, 
Into this barrel carry a leader from the illuminated rays, 
through the back ef the ftar; which leader muft be met 
by another, Drought from the tail of the laf cafe on the 
wheel. 


Tranfparent Table Star illuminated. 


Fig. 6th reprefents a table flar, whofe diameter, from 
Eto F, is 12 feet; and from Eto I, 4. This propor- 
tion, obferved oh each fide. ‘will make the centre frame 
4 feet {quare : in this {quare fixa traniparent {tar, as in the 
figure. ‘This ftar may be painted blue, and its rays made 
as thofe of the flaming ftars deferibed in page173."" The 
wheel for this ftar may be compofed of different coloured 
fires, with a change or 2 of flow fire: the wheels aig a. 
may be clothed with any number of cafes, ‘fo that the. 
{lar wheel confifts of the fame: the illuminating port- 
fires, which muft be placed very near each other on the 
frames, mutt be fo managed as to burn as long as the 
wheels, and lighted at the time. 


The Regulated Illuminated Spirali Piece, 
witha projected star Wheel illuminated, 


This piece is reprefented by Fig. 7. and is thus made. 
Have a block made 8 inches diameter ;.in_ this. block 
icrew 6 iron fpokes, which muft ferve for {pindles for the 
Spiral wheels: thefe wheels are made as ulual, each 1 foot 

6 diameter, 


FPR EW OR KS 1397 


6 diameter, and 3’feetin height : the fpindles mutt be long 
enough to Keep the wheels 4 or 5 inchés from one ano, 
ther: at the end of each {pindle muft be a {crew nut, 
on which the wheels that hang downwards will run; and 


on the {pindles which ftand upwards muft bea fhoulder, 
_ forthe blocks of the wheels to tun on, 


The projected ftar-wheel muft turn on the fame {pindle 
on. which .the large block is fixed: this {fpindle muft be 
long enough to allow the ftar-wheel to project a little 
before the {piral wheels: the exterior diameter of the ftar- 
wheel muft be 3 feet 5. On this wheel fix 3. circles of 
iron wire, and on them port-fires; on the block place a 
tranfparent ftar, or a large 5-pointed brilliant flar. The 
cafes on this wheel may burn 4 at once, as it will con-, 
tain near twice the number of one of the {piral wheels: 


the cafes on the {piral wheels muft be placed parallel to 
their fells, and burn 2 ata time. | | 


A New Figure-Piece illuminated. with. 
Five-Pointed Stars, 


The conftruction of this piece is very eafy, as fhewn by 
Fig. 8, whofe diameter from B to C is 8 fect, and from 
D tok 2 feet: the vertical wheel in the centre mutt be 
1 foot diameter, and confilt of 6 four-ounce cafes of dif- 
ferent coloured charge, which cafes mutt burn double: 
on. the frames fix 5-pointed brilliant or blue lars, ram- 
med 4 inches with compofition: let the {pace between 
each ftar be 8 inches; at each point fix a gerbe, or cafe 
of Chinefe fire. When to be fired, let the gerbes, ftars, 
and wheel, be lighted at the fame time. | 


The Star-Wheel Illuminated. 


This beautiful new-invented piece is fhewn in Plate 8, 
Fig. 9. its exterior fell is made of wood, 3 feet 6, or 4 feet 
diameter: within'this tell, form with iron wire 3 circles, 
one lefs than the other, fo that the diameter of the leat 


Piay 














138 AR TebF CIA 


may be about 10 inches : place the port-fires on» thefe 
fells. with their mouths inclining outwards, and the port- 
fires,on the points of the {tar with their mouths projecting 
an front: let the exterior fell be clothed with 4-ounce cafes 
of grey charge: thefe cafes muft burn 4 ata time, and 
be lighted at the fame time as the illumunations, 


Pyramid of Flower-Pots, 


Fig. to. reprefents this curious piece, which mut be 
made thus. Let the diftance from A to B be 6 feet, and 
from one rail to the other 2: on the bottom rail fix 5 pa- 
per mortars, each 3 4 inches diameter: thefe mortars load. 
with ferpents, crackers, flars, &c. 

In the centre of each mortar fix a cafe of fpur-fire: on 
the fecond rail fx 4 mortars, foas to ftand exactly in the 
middle of the intervals of them on the bottom rail ; on the 
third rail place 3 mortars; on the fourth, 2; and.on the 
top of the pofts, 1: the bottom rail muft be 6 feet long: 
all the mortars muft incline a little forwards, that they 
may eafily difcharge; and the {pur-fires rammed exactly 
alike, that the mortars may all be fired at the fame time, 
Having prepared your pyramid according to the prece- 
ding directions, carry pipes of communication from, ong 
{pur-fire to the other. 


The illuminated Regulating Piece. 


Fig. 11. reprefents one half of this piece. A, A, A, A, 
are flat wooden fpokes, each 5 feet long; and at the end 
of each place a vertical wheel, 10 inches.diameter, clothed 
with 6 4-ounce cafes of brilliant fire: thefe cafes muft burn, 
but 1 at a time: on 2 of the fpokes of each wheel place 
2 port-fires, which mutt be lighted with the firft cafe of 
the wheel; on each fpoke A, A, &c. behind the wheels, 
place 6 cafes of the fame fize as them on the wheels: 
thefe cafes muft be tied acrofs the fpokes with their 
mouths all one way, and be made to take fire fueceffively 
one after the other, fo that they may affift the whole pieces 


to turn round, 
The 
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The diameter of the wheel B muft be 2 feet 6, and 
its fell made of wood, which muft be fixed to the large 
fpokes: on this wheel, place 24 cafes of the fame fort as 
them on the {mall wheels; thefe cafes muft burn gata 
time: in this wheel. make 3 circles with iron wire, and 
on them place illuminating port-fires, as in the figure.: 
the ftar points on tne large fpokes may. be :made of 
thin afh-hoops; the diameter of thefe points, clofe. to the 
centre wheel muft be 11 inches: on thefe points place 
port-fires, at 3 4 inches diftance one from the other, 

Fic, 12. reprefents the blocks of this pieces. The dia- 
meters of thefe blocks, at A and B, muft be 8 inches; 
and C and'D, 4 $ inches : the length of each of thefe blocks 
muft be 6 inches: at the fmall ends of thefe blocks fix 
an iron wheel 5 inches diameter, which wheels mutt have 
teeth, to turn the wheel E: this wheel is fixed on a fmall 
{pindle {crewed into the large fpindle, which goes through 
the two blocks, and on which they run. | 


Suppofing Fig. rr. to be on the block A, in'Fig. 12, 
and to turn to the right, and another piece of the fame 
conftruction on the block B, with its fires placed fo.as to 
turn it to the left ; you will find them move very true 
and faft, by the help of the 3 iron wheels, which ferve 
to regulate theif motions, as well as to affift them in turn- 
ing: let the iron circles in the front of the great wheels 
be of different diameters, fo that when fired there may 
appear 6 circles. When this piece is fired, all the wheels 
and illuminations muft be lighted at one time. 


To fix a Sky-Rocket with its Stick on the 
Top of another. 


Rockets thus managed make a pretty appearance, by 
reafon of a frefh tail being feen when the fecond rocket 
takes fire, which will mount toagreatheight. The method 
of preparing thefe rockets is thus: Having filled a two- 
pounder, which muft be filled only halfa diameter above 
the piercer, and in its head not more than 10 or 12 ftars; 
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the ftick of this rocket muft be made a little thicker 
than common, and when made, cut it in half the flat 
way, and in each half make a groove, fe that, when the 
2 halves are joined, the hollow made by the ‘grooves 
may be large enough to hold the flick of a half-pound 
rocket; which rocket make and head as ufual; the flick 
of’this rocket put into the hollow of the large one, fo far 
that the-mouth of the rocket may reft on the head of the 
two-pounder; from whofe head carry a leader into the 
mouth of the {mall rocket ; which being done, your rock- 
ets will be ready for firing. 


A New Method of Placing Leaders. 


The placing leaders on {mall cafes, or illuminations, 
is a. much quicker, ftronger, and more expeditious way 
than that of ufing pins ; which method has been practifed 
tilllately. Your port-fires being filled within about 3 8ths 
of an inch ofthe top, bore with an awl a hole thro’ each 
fide of the cafe, clofe to’ the compofition; then fill the 
mouths of the cafes with meal powder wetted with fpirit’ 
of'wine: when you have thus prepared your cafes, fix 
them on your works; then take an empty leader, and 
lay it on’ the mouths of as many cafes asit will reach; 
then, with your finger nail, mark the leader exactly in 
the middle of the mouth of each café ; then at each mark, 
with a pair of fciffars, cut a bit out of the pipe, fo that,’ 
when you put in the quick-match, it may be feen. This 
done, lay the leader on the cafes again, with that fide on 
which the match is feen downwards; then take fome 
{mall twine, and put it through the holes in the mouths 
of the cafes, and tie on the leader: do this to every cafe, 
and cover them with fingle pafted paper. By making ufe 
of this method your works may be made very clean, there 
being no occafion to put dry meal powder in the mouths 
of the cafes, which always foils the works, and prevents 
the pafte from flicking. . 


Here 


\ 
t 


FIREWORKS. t4t 
Here I have taught the: method of rolling, pinching, 
and filling all forts of cafes; the manner of. pulverizing, 
mixing, and preparing, all compofitions ufed in artificial 
fire-works; alfo the method of placing leaders, clothing 
wheels, fixed pieces, &c. in fo plain a manner, that all 
fire-works may be made without any further inftructions. 
.A variety of pyrotechnical reprefentations only depends 
on the genius of the maker, by fixing different cafes and 
fires on works of various forms, of which there are many 
more. | 3 | 
__ But as thofe Ihave given are the principal, I fhall con- 
clude with Mr. Muller’s Laboratory and a few of his 
Mines; which are all that was wanting to complete this 
work, | 
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Mr. MULLER on Lasoratory Works. 


Y defign is not to give here any more than what 

is juft neceflary for the young Artillerift to know 

inthe courfe of his duty, referring that part which re- 

gards the Fire-works made for Rejoicing to the excellent 

‘Treatife on Artificial Fireworks, wrote by Robert Fones, 

whe gives all that can be faid on that fubjeét, and has 
himfelf practifed every part of it. 


Grapefhot. 


The number of fhot in a grape varies according to the 
fervice or fize of the guns: in fea-fervice g is always the 
number; but by land it is increafed to any number or 
fize; from an. ounce and a quarter in weight, to 3 or 4 
pounds. It has not been determined, what number or 
fize anfwers beft in pra¢tice; which I think fhould be 
tried : for it is well known, that they oft featter fo much, 
that only a fmall number take place. It would not be 
a ufelefs experiment, totry at what diftance they would 
do moft execution, and what is the beft charge of pow- 
der.’ In fea-fervice, the bottoms and pins are made of 
iron, whereas thofe ufed by land are of wood: for 
what reafon this diftinGtion is made, I cannot tell, unlefs 
that thefe iron bottoms are fuppofed to deftroy the rig- 
gings of fhips more than the wooden. 
~ To make grape-fhot, a bag of coarfe cloth is made juft 
to hold the bottom which is put into it; then as many 
fhot as the grape is to contain; and with a ftrong pack- 
thread they are quilted to keep the fhot from moving, 
and when they are finifhed are put into boxes for carriage. 
When the fhotare fmall, they are put into tin ee that 
fit the bore of the gun. Leaden bullets are likewile ufed 

in 
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in the fame manner. It mutt be obferved, that whatever 
number or fizes of the fhots are ufed, they mutt weigh 
with their bottoms and pins nearly as much as the fhot 
of the piece. 


Cartridges. 


The loading and firing guns with cartridges is done 
much fooner, and lefs lable to accidents, than with loofé 
powder. They are made of various fubftances, fuch as 
paper, flannel, parchment, and bladders. When they are 
made of paper, the bottoms remain in the piece, and ac- 
cumulate fo much, that the priming cannot reach the 
powder; and therefore they muft be drawn from time to 
time, which retards the fervice. They have another in- 
tonveniency, which is, they retain the fire; and, if par- 
ticular care is not taken in {punging the piece, they will 
fet fire to the next cartridge, and the gunner that puts it 
intothe piece will be in danger of lofing a hand or arm, 
as has fometimes happened. When they are made of 
parchment or bladders, the fire fhrivels them up, whereby 
they enter into the vent, and become fo hard, that the 
priming iron cannot remove them fo as to clear the vent. 
Nothing has been found hitherto to anfwer better than 
flannel, and is the only thing ufed at prefent, becaufe it 
does not keep fire, and therefore not liable to accidents in 
the loading; but as the duft of powder pafles through 
them, a parchment cap is made to cover them, which is 
taken off before this is put into the piece. 

The beit way of making flannel cartridges is, in my 
epinion, to boil the flannel in fize; this will prevent the 
duft of the powder from paffing through them, and ren- 
ders them: ftiff, and more manageable; for without >this 
precaution they are fo pliable, that when they are large, 
and contain much powder, they are very inconvenient in 
putting them into the piece. The Saxon, who introduced 
our prefent light field pieces, had a particular method of 
preparing cartridges, which was fuch, that when laid into 
the fire they would not burn; and yet, by dipping them 


intv 














144 FIREWORKS For 


into water before they were put into the piece, would 
take fire as quick as powder; but how-he did ut, nobody 
could tell ; for he would not part with his fecret. 

In quick firing the fhot 1s fixed to the cartridge by means 
of a wooden bottom, hollowed on one fide fo as to re- 
ceive nearly half the fhot, which is faftened to it by two 
fmall flips of tin, croffing over the fhot, and nailed to the 
bottom; and the cartridge is tied to the other end of this 
bottom. They are fixed likewife in the fame manner to 
the bottoms of the grapefhot, which are ufed in field 
pieces. 


Portfires. 


Portfires are ufed fometimes inftead of matches, to fet 
fire to powder or compofitions ; and are diftinguifhed into 
wet anddry. ‘he compofition of wet portfires is, falt- 
petre 4, fulphur 1, and mealed powder 4; when the com- 
pofition is well mixed and_fieved, it is to be moiftened 
with a little linfeed oil, and well rubbed. with, the hands 
till all the oil is well mixed with the compofition. The 
compofition of dry portfire is, faltpetre 4,{fulphur 1, mealed 
powder 2, and antimony.  Thefe compofitions are drove 
into fmall paper cafes, and fo kept till ufed. ; 


a 


Quickmatch 


Is made with three cotton ftrands drawninto length; 
and put into a kettle covered with white wine vinegar, 
and a quantity of faltpetre and mealed powder, and boiled 
till well mixed. Others put only faltpetre into the was 
ter. After that, itistaken out hot, and laid inca ‘trough 
where fome mealed powder, morftened with fpirits of 
wine, is thoroughly wrought into the cotton, ‘by rolling 
it backwards and forwards with the hands: when this is 
done, they are taken out feparately, and drawn through 
mealed powder, then hung upon a line till dry. 


Tubes 
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2) A 
oo Dubes ufed in:quick Firing, ve 


Thefe tubes, are hete: made.of tin: their diameter is 
two tenths of an inch, toenter into the vent of the piece; Halt 
abouti:5 or 6 inches: long, ‘with a cap above, and cut aye 
flanting -below: im the: form) ofa pen; and the point. is || 
ftrengthenedwith fome folder, :that itmay pierce the:car~ Hii: 
tridge.: Through this tube is drawn a quickmatch, and haa 
the cap is filled with mealed: powder moiftened with {pirit ia 
of wine, » Tovprevent the mealed powder from falling: out Mh 
by carriage, acap of papervis tied over it; whichis taken i 
off when ufed; but latterly this: cap. is»made of flannel Wes 
fteeped in fpirits of wine; with faltpetre diflolved in it’; i 
there is no occafion to take it off, fince it takes fire: as ii 
quick as loofe powder. 

An objection:is. made. againft. thefe tubes, which ~is; a 
that the tin is.apt to {poil the quickmatch:when they are vi 
kept forfome time; and» it is imagined, that falt water | 
would foon:corrode them, :therefore not proper to be | 
ufed on: board of fhips;: this however has not»been tried, tf 
The French ufé:a {mall reed, to which is fixed a wooden Th 
cap about two: inchesslong,: filled with meated powder iii 
moiftened with {pirit of wine: a {mall hole is made through AN 
them thefize of.a needle, through which the fire darts Wy 
with great violence, and gives fire to the cartridge, which i 
muit beipierced with the priming iron. Thefe tubes may it 
be ‘kept a:great: while without being fpoiled; but the bit 
piercing the scartridge retards the quickneis of firing. Ma 
Thetorementioned Saxon made his of copper, ‘tapering hi 
towards thes:end, fo as to enter the vent about: half an “Ahi 
inch, which is made fo far in the fame form; and the ret ih 
very narrow: they are filled in the fame manner as the | 
French, and when fred, the flame darted through the 
cartridge without being pierced. Ri 
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a Fuzes for Sheils and Hand-Grenades, . 
M i La | 


The compofition for fuzes is faltpetre 3, fulphur1, and 
mealed powder 3, 4, and fometimes 5, according: as: re- 
quired. to burn quicker. Fuzes are chiefly made of 
very dry beech wood, and fometimes of hornbeam taken 
near the root; the upper part of that wood fplits very 
eafily. They are turned rough, and bored at firft, and 
then kept for feveral years :in-a dry place > thesdiameter 
of the hole is about.a quarter ‘of an inch, a little more or 
lefs is of no confequence; the hole docs . not go" quite 
through, leaving about a quarter of an inch at the: bottom ; 
and the head is made hollow in the form of a bowl. The 
compofition is drove in with an iron driver, whofe ends 
are capped with copper to prevent the compofition from 
taking fire; and equally hard as poffible ; the laftthovel-full 
being all mealed powder, and two ftrands of quickmatch 
laid acrofs“each. other being drovein with it, the ends of 
which are folded up into the bowl, and acap of parch- 
ment tied over it till ufed.. ° Obferve, that, whem*hells 
are to be thrown at a fmall diftance, the compofition 
fhould be made quicker than.when ‘they are to be:thrown 
at a greater; for, by cutting. them fo as to burn: but a 
fhort time, they. might not belong enough to be well 
fixed into the thell, by which the blaft of the powder in 
the chamber would blow them out, without: the fhell 
being able to burft. It muft: likewife be obferved, that 
the cuftom of fixing the fhells at home is very bad, 
fince it 1s not known how long they fhould burn; and if 
they do not burft as foon as they fall, the execution is but 
trifling. Another difadvantage attends this practice ; 
when they are carried into a hut climate the wood fhrinks, 
though ever fo dry before; and the fuzes loofen fo much, 
that they fall out in the flight of the fhell before it falls to 
the ground. 

When the fuzes are to be drove, the lower end is cut 
off in a flope, fo as the compofition may give fire to the 
powder; and they muft have fuch a length, as to burft 
mearly as foon as the fhell.touches the ground. When 

the 
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the diftance of the battery from the object is known, the 
time of the fhell’s flight may-be computed nearly’: which 
being known, the fuze may be cut accordinely,: by burn- 
ing 2 or 3, and making ule c= a watch, or a firing by 
way of a pendulum. . | 

Before fhells are loaded, they tuft be well fearched 
within and without by means of a copper grater, to fee 
if there ate’ novholes or cavities in them; after that put 
them into atub of water, to:cover them, with an empty 
fuze‘drove into then; andthe mouth of a bellows, being 
introduced into the fuze, and worked, will caufe bub- 
bles in the water, if there are any holes in the fhell; but 
if no bubbles appear, it isa fign the fhell is found and 
fit for fervice. 

When loaded, cate muft be taken that they are very 
dry within; and if the {pike which fupports the corp 
when they are caft, and which remains in them, is not 
beat down, it muft be done then, otherwife it would fplit 
the fuze... Then the powder is put into it with a funne 


she rT) 
and not quite’filled, that the fuze may have room to enter 


2 
which fuze is preffed in-at firft by the hand as far.as it 
will go, and then drove with a mallet as hard as poffible, 
taking care notto fplit-it;-for if the leaft crack was in it, 
the compofition would give fire to the powder, and the 
fhell burft either ip the mortar or the air, and do no exe- 
cution. | | 

{tis a query how much powder is to be put into a thell, 
fo .as:to makevit burft in moft pieces. It is agreed by 
moft:-officers that they fhould not be quite filled ; one 
that has taken moft pains to find it out, is of opinion that 
they fhould be filled within one third part- of what they 
can hold. 

Lieutenant Pitle, a very ingenious mechanic, loft in 
the: Dodington fome years ago going to the Eatt-Indies, 
had found out-a method, fo. that as foon as. the fhell 
touched: the-ground it burfted; but being, too modeftia 
man, had not: the affurance to propofe it to the, mafter 
general of the ordnance, whereby the world was deprived 
of a moft ufeful invention, | 

gee none , If 
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If the ftizes are to be kept:forfome time, after, they are 
drove, the top: muft be covered. with a mixtureiof pitch 
25 rofin a, and bees wax 25,Wwhereby, no air can, come to 
the compofition ; and it wl keepas long as you-pleafe. 


Carcafies. 


None but round carcaffes are ufed at’ prefent, the flight 
of the oblong, are fo uncertain, that they are quite laid 
afide. The compofitionis pitch 2, faltpetre 4, fulphur:1; 
and corned powder 3... When the pitch is) melted, the 
pot is taken off, and the ineredients well mixed put in; 
then the carcafs is filled with as muchas can be prefled un. 


Light Balls “to difcover’ the Enemy's 
7 Works. 

There are Various forts defcribed. Some made of tow 
dipped’ into’a compofition of °fulphur, pitch, rofip, and 
turpentine; and worked up into a ball., Others take a 
ball of {tone or-‘iron, which is covered with feveral coats 
of compofition, much like’ that before mentioned, till of 
a proper fize; the laft coat. is to be of grammed powder. 
But the ‘beft fort; in my opinion, “is to make a ‘thell -of 
paper the fize of the mortar, and to fill it with acom- 
pofition of an equal quantity of folphur, ‘pitch, -rofin, 
and mealed powder; which“being well mixed; and put 
in warm, will eive a clear fire, and burn a confiderable 
time. . 

There are many more’ things ufed in the defence of a 
breach; fuch as facks filled with powder, bottles, bar- 
rels, &c. butas the chief intent ofvall thefe’ is to ‘fet fire, 
and blow up the affailants, and which‘every military gen- 
tleman may eafily execute, we fliall fay no more here 
about them; our defign being’to inftruét the ‘young: artil> 
erift in thé effential parts’ of ‘his bufinefs;°and to make 
mafter of thefe matters, he muft work inthe labora- 


him ‘¥¢ ‘ 
for practice is the bef mafter. 


tory? aeons 
Firefhip, 








“suoul “Birefhipy: how-to «prepare it, 

5.From the bulk-head at’ the forecaftle to a bulkhedd to 
tbe waifed behind the maim chains, “on each fide and acrofs 
the fhip at the bulkheadsy:is! fixed, clofe:to the dhip fides, 
-a double ‘row of troughs; °2 ‘feet diftance from éach other, 


“with crofs ‘troughs quite round, at aboutra Fi feetdiftancé ; 


which are mortifed into. the’ -others.. "The ‘crofs troughs 
lead to: the fides of: the thip, to the barrels and to -the 
-port-holes, to give fire) both-to: the barrels and the cham- 
‘bers, .to blow open the ports; and the fide-trovighs ferve 
‘to'communicate the fire:all alone the fhip and the crofs 
“trou shs.i6 12i3is eniih to sii? od rd Up 
32 The timbers: of whichthe troughs are made:are;about 
“6 inches fquare; the idepth sof: the »troughs: half their 
“thicknefs; fupportediby crofs‘pieces at every: 2-0rg: yatds, 
nailed to theitimbers of the fhip, and to the wood, work 
which inclofes the fore and main mafts, and takesvin-an 
oblong in the middle of the deck, extending to the out- 
fide of both the mafts, and in breadth is near. one half of 
the deck $“and istvhat'makes the carpenter’s' room for his 
ftores. ‘The decks and troughs are all well paved with 
melted rofin. STE 34: 

On each fide of the fhip are cut.out.6 {mall port holes, 
in fize about,15:by 18 inches, the ports opening dowan- 
wards, are clofe called up: againft each ports fixed an 
iron chamber,, which, at the time of fring the fhip, blows 
open the ports and lets out the fire. At the main and fore 

chains on each fide is a wooden funnel. fixed’ qver. a. fire 
barrel, and comes-through a {cuttle in. the deck up. to the 
fhrouds to give fire to them; and between them are cut 
two {cuttles on each fide the fhip, which alfo ferve to let 
out the fire, . Both funnels and fouttles muft be flopt with 
plugs, and have fail-cloth or canvas nailed clofe over them, 
to. prevent.any accident happening that way by fire to 
the combuftibles. below. ts 

The_port-hole,- funnels, and fcuttles, not only ferve 

to. give the fire a free paflage to the outfide and upper 
2 parts 


ws 
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pal of the fhip, and its rigging, but alfo for the inward 
air, otherwife confined, to:expand itfelf, and puth through 
thofe holes at thé time of the combuftibles being on fire, 
and raed the blowing’ up'the decks, which otherwile 
mutt of courfe happen from) fuch ia: fuddem and. \wiolent, 
rarefaction ofthe. air as wallthen be producedsc: ; . 

In the bulkhead behind:on each ‘fide is cut: fmnall bole, 
large enough to’ receive a trough of the fame-fize.as the 
others; from which, to each fide of the fhip, ies:a: lead - 
‘ing trough, one end coming through a fally) part) cut 
, through h the fhip’s fide; andthe other, fixing into.a com- 
municating trough that lies along: the bulkhead, from 
one fide of the’ fhip to the other, and. being laid with 
quickmat ch only, at the time of firing either of thé lead- 
ing troughs, communicates the fire in) an inftant ito the 
‘contrary fide of the-fhip, and both fides burn -together. 
The communicating trough, which is) fixed ito the bulk- 
head, »and the leading mate ht, are oe fame bags as, Sige 
others, 


Manner of preparing Stores, - 


Fire Barrels. so 

The form of the barrels fhould be cylindric; both upon 
the account of that make anfwering better for filling 
them with reeds, and for {towing them on board between 
the troughs ; their infide diameters are fufficient, if about 
a1 inches, andtheir lengths 33. The. bottom parts ‘are 
firft filled with fhort double-dipt reeds fet on end, and the 
remainder with fire-barrel ‘compofition’ well mixed and 
melted, ‘and then poured.over them. | 

Thete are 5 holes*of 23> inch diameter, and 3 inches 
deep, made with a drift of that fize. in the top of the 
compofition while it is warm; one in thé centre, and the 
other 4:at equal diftances round the fides of the barrel. 
When the compofition is cold’and hard, the barrel is 
primed by well driving thofe holes full of fuze compo- 


fition to within an inch of the top; then fixing i in each 
hole 
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thole aftrand of quickmateh twice doubled, and in the 
centre hole 2 ftrands the whole length; all which muft 
be well fet'or drove in with mealed’ powder; then lay the 
quickmatch all- within’ the barrel, and cover the top of it 
with a dipt curtain, faftened on with a hoop ‘to flip over 
the head, and nailed on. 

The bartels fhould be made very ftrong, not.only to 
fupport the weight of the compofition before firing, in 
removing and carrying them about, ‘but to keep them 
together. at the time they are burning; for if the ftaves 
are tooflight and thin, and fhould:burn_too foon, fo as to 
give way, the remaining compofition’ would be apt to 
feparate, and tumble upon the deck, which would des 
{troy the defigned effect of the barrel, which is to carry 
the fire aloft. 


Iron ‘Chambers. 


They are 10 inches.long, and 3.5 in diameter; and 
breeched \againft a piece) of wood fixed,acrofs the port- 
holes; ‘and let’ into another lying a little higher; when 
Joaded they are filled almoft full of corned powder, and 
have -a wooden tompion.well drove into their muzzles; 
are primed: with a fmall piece of. guickmatch. thruft 
through their vents into, the powder,, with a) part of, it 
hanging out; and when the fhip is fired, they blow open 
the ports; which either fall downwards, or are carried 
away, and fo give vent for the fire out of the fides of the 


fhip. 
Curtains eT 
Ate made of barras about 3 of a yard wide, and one 
yard in length; when they are dipped, 2 men with each 
4 fork (on a fhaft of the’fame fize, with’1'prong in each 
if made on purpofe) niuft run’ each of their prongs through 
a corner. of the curtainat the fame end; then dip them 
inte'a large Kettle of compofition well melted ;: and when 


well dipped; and the curtain extended to its full breadth, 
L 4 1) ealttayhin 
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Whip it between 2ofticks.of about.5. 5 tect long, and 1,5 
inches {qtiare,. held clofe|by.2 other meni to take off the 
fuperfluous conipofitidn hanging-to.its ».then immediately 
iprinkle faw-dudb on.both, fides -to prevent its) flicking, 
and the curtain/is finifhed. shi 9 tthe teighti ws 
t Ne Bio cA-copper fixed with a! furnace is.much, better 
than ackettle. that: is- not’ fixed, becaufesib mutt be 
taken off from the fire for every dipping, toeprevent 
the’ {tripped off compofition | from falling-into~.it, 
whichwould unavoidably give fire to the whole; and 
renders the ufe of a kettle tedious-that Wayew 


Reeds 


Are made into {mall bundles of about 12 inches in cir- 
cumference, cut even at both énds,.and tied with 2 bands 
each; the longeft fort is 4 feet, and the fhorteft ies 
which are all the lengths that are nfed. ¥ part of them 
are fingle dipped, only att end}-the ret are double dip- 
ped, that is,’ at°both ends. In dipping, they mutt be ‘put 
about 7 or 8 inches deep into a copper or kettle of melted 
compofition; and ‘when drained’ a little overit, to carry 
off the fuperfluous compofition, |‘ fprinkle them/oyer:a 
tanned hide with pulverized fulphur, at fonie “diftance 
from the copper. Hig) Y 


Bavins 


Are made of birch, heath, or other fort of bruth-wood, 
that is both quickly fired and ‘tovgh ; in length 2.5 or 
3 feet, the bufh-ends all laid one way, and the other ends 
tied with 2 Bands each, They are dipped and {prinkled 
with, fulphur.the fame as reeds, only that the buth-ends 
alone, are. dipped, and thould,.be a little clofi together 
by hand as foon.as done, -before.they.. are {prinkled, to 
keep them ‘more-clofe, to give a ftronger: fire, and to 
keep. the, branches. from breaking , off in fhiftine , and 
handling them. 3 

Dilpofition 
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Difpofition of the Stores on board, »when 
laid for, firing, . | 


The fire-barrels are placed under the funnels and {cut- 
tles, 1 to each; and are fixed between the crofs troughs 
leading to the fides of the fhip, and lafhed ta them; and 
well cleeted to the deck. Thofe at the funnels give fire 
to,the‘main and fore fhrouds ;_ the reft rife over the*deck 
through the feuttles. The plugs muft be taken.out of 
the funnels and fcuttles before the fhip is fired,.and the 
curtains covering the fire-barrels cut open and rolled back, 
the quickmatch {pread, and, the top of; the barrels well 
falted with priming compofition. ~The curtains are nailed 
to the beams of the upper deck, hanging down,over the 
troughs, bavins, and reeds, ~ lg’ 

The priming compofition;.a- part of it is laid along the 
troughs, and the reft, after laying of the reeds and bavins, 


4s, regularly. ftrewed-over all. - Tite fhort reeds, double 


dipped, with fome.of the fingle dipped) are laid along 
-both-the fides and-crofs troughs, and,communicate the fire 
both to|the barrels and chambers... ‘The ret of the fingle 
dipped reeds and bavins are fet about the fire barrels, 
“at to the'fides. of the fhips and fome flunp..upon the 
deck: c Po, ane + ASE 


‘The quickmatch is laid-2-or-3-{trands thick «pon the 


‘reeds in the troughs, and about the-fire-barrels andscham- 
‘bers, to communicate-a-general fire-at once.) The teeds 
4n the troughs with the quickmatch-are lafhedcon, to 


prevent their-falling out-by the+olling-of the fhip..: 
The Jeading troughs are both laid with 4 or s flrands 


“of quickmatch;"asis likewife the communicating trough, 


that by ‘firing either of the leading otroughs, the icom- 
municating trough may carry the fire to the other fide ot 
the fhip; which then runs along the troughs by the quick- 
match on both ‘fides, aid gives fire to the whole iman 
inftant. MLE. <F5. 
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The Compofition made ufe of for ‘Cur-- 
tains, Reeds, ‘and missle <n are all the 


fame, viz. 

Pitch? OF de eo | 
Sulphur 
Rofl Be N. B. For want of tar take 3 Ib, of 
ee | 

aa I 


Fj ire- ated Carp tion Fie é one Barrel. 











Corned powder : Ib. 12¢ 
Pitch —_—_— ene —— 60 
“Tallow ogra GIGI Ee 40 


Divide the compofition into 5 pots; cise Aptled ad: tal 
low mutt be’ firit thoroughly dicheds Tallow well the 
outfide of the ' pot to’take off the heat3and then put in 
the powder by {mall quantities, ivving i it well on 


Priming Compofition for’one Barrel,” 





Corn powder Ib. : 

‘Petre re — wane eee | wx 
Sulphur er ——_— = 14.0 
Rofin: ——e cnn 6 
Oil Setecaererery a fe pints 3 


Take 20 lb. of powder, which mix well,with the, pe- 
tre, fulphur, and rofin;:work them well together, break- 
ing it well in working ; then put the reft,of the powder 
in by degrees, and sails it. all together: : {pread it in a 
trough, and through a hair fieve run.3 pints of oil all 
over it: then work it well together, and run it througha 
cane fieve. 


N. B, 











SEASanpn -LAND SERVICE. 156 
|e) NG Bult Inthe following eftimate for ithe quantity of 
Ee ftores” requifite,. the -reeds for the barrels ‘ate not 
. included; it-will take 100 fhort double dipped more 

than thefe {pecified , but their value is inchided in 
-/ the article of barrels. | G 


“Stores for a Firethip ne 150 Tons. 
Nitin. LEC OLT Value. 

















ROR apieser Hii Nig A 
Fire barrels. —— = 8 -—— 80: 0:0 
“Iron chambers os -I2.——- 12: O:0 
Priming compofition barrels 3b 2T Oo 
Quickmatch barrels — Te =n 23S Ot 0 
Curcains dipped ZU. Mareen PES” 
Long reeds fingle dipped — 150 ——— lo! 15:06 
double dipped 75 -—— 2:18: 

Short reeds Beetle - wrvgeens Aik Paro Wy di é 
Ravins fingle dipped — 209 ——~ Io: 0:0 

144231: 3 


Quantity of Compofition for preparing the 
Stores of a Firefhip. 


pe- jfulp|corn |pit {ro- tal jtar foil | 











tre, pow.j|ch fin jlow pts. 

For 8 barrels ~~ — 9 | O | 960/480} 0 | 80} o " 
For 3. 5 barrels we iad 

compofition — 175/140) 350} O | 21] O} o fax 
For the curtains, er 
and reeds for the fhip, 

and fulphur & eng 

them 0 {200} 0 {350/175} so} 25 ey 

Total = — |r76'340/13101830| to6t1 30 asta 1 


Total weight of the compofition 3017, equal to 
C, 28: 3:2. 


Compofition 


















156 hIFIRE WiOeRK Spake 2: 

Compofition allowed forthe reeds: for thé! barrels 
one fifth of the whole of the daft articles whichis equal 
to 163 1b. and makes the» whole 3177: pounds, or 
CoaBioni: 132 isN0> ;PeAhoel sae 

We have completed the fevera] ‘branchesiof the Art of 
War, in eight volumes in octavo, as promifed. We have 
done all: that hes in our;powWer,to treat them-with perfpi- 
cuity and clearnefs, in order to reduce the whole to as 
{mallia’compafs as poffible, for the fake of thofe military 
gentlemen who have an inclination to be mafters of their 
bufinefS in, a fhort time. We could not enlarge upon 
every particular fo much as might be neceflary; yet who- 
ever renders himfelf mafter of what we havé faid, will 
find that nothing very material has been neglected, - 


BELIDOR 
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-M. BELIDOR’s New Method of Minrné-. ‘ 





BELG To which is added, 





M. VALLIERE on. GouNTERMINES, +. ie 


HIS work is, to fhew the fallacy of miners in, gene- ui 
tal,..in regard to the effect of powder confined in i 
mines, and to eftablifh the true theory of mines, upon a He 
- folid foundation; which being likewife confirmed by.ma- i 
ny unexceptionable experiments, cannot fail of-meeting: i 
with the approbation of every unprejudiced reader: as to his 
thofe who find fault with every thing new, that feems to i 
contradict an old.eftablifhed opinion, though ever fo erro- i 
neous, their cenfures will not be regarded; nor will any 
objection whatever be admitted, unlefs fupported by, well fi) 
attefted experiments. | 
If you imagine a large globe of earth homogeneous in ‘ 
all its parts, and_a certain quantity. of powder, lodged in ai 
its centre, fo as to. produce a proper effect without burfting is 
the globe; by fetting fire to the powder, it is evident, # 
that the explofion will a¢t all round, to overcome the i) 
obftacles which oppofe its motion; and.as ‘the particles a 
of. earth are: porous, they will. comprefs eachother in Aa 
proportion as the flame increafes, and the capacity of i 
the chamber. increafes. likewife. But the particles of sith 
earth next. to the chamber. will communicate.a part of | 
their.motion to thofe next tothem, and thofe to their ? 
neighbours; and this communication will thus continue aah 
in.a decreafing proportion, till the whole force of explo- rt 
fion is-entirely.. fpent, and the particles of earth beyond a 
this term will remain inthe fame, ftate as they-were._, The He 
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153 Sh aE anne sil std is aca | 
particles of earth that have been a¢ted upon by the forcé 
of explofion will compofe a globe which M. Belidor calls 
the Globe of Compreffion. 

The foregoing experiment is eafily comprehended ; but 


when powder is lodged ii a mine, where the weight of ° | 


he earth in the line of leaft refiftance, is lefsthan at the 
fides and underneath, it feemingly appears, that as foon 
as the force of explofion reaches the furface of the ground, 
it would throw up a certain quantity of earth, and leave 
a hollow in the form ofa fruftum of a.cone, with no other 
effect upon the fides or bottom; as likewife, that when 
the mine is overcharged, the bafe of the excavation, in- 
ftead of increafing, would rather diminifh, becaufe the * | 
force of explofion being greater would fooner reach the 
extremity, of the line of leaft refiftance: it is in this light, © 
that all practical miners have hitherto confidered the’ | 
action of powder lodged in mines ; and from thence con- 
cluded, that a certain charge will’ form an excavation, 
whofe greateft diameter fha!l be double the line of leaft 
refiftance ; a lefs quantity raife the earth only’a little, and’ ’ 
a greater throw the earth up higher, and diminith the 
diameter of the excavation inftead of increafing it. 
As abfurd as fuch an-opinion may be, that'a greater 
force produces a lefs effect than a more moderate one ; 
yet it has prevailed amoneft all the practical miners in 
Europe; without confidering that there may be phyfical 
caufes in nature, with which they were unacquainted, and 
that no theory of this kind fhould be admitted unlefs 
fupported by well attefted experiments. | 
M. Belidor made feveral experiments with various ' 
charges at la Fere, from which it appéared, that the» 
greateft diameter of an excavation may not only be made 
double, but treble or quadruple; yet fome old miners 
of note, who were prefent, could or would not believe it, 
though they had feen it, much lefs thofe who were abfent. 
Thefe experiments fhewed that the diameter of the exca- 
vation could be made greater than was imagined; but 
for what reafoa, was not hitherto known, till-M. Belidor 
demonftrated it, in the Memoirs of the Academy of Sci- 
ences 
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ences at Paris, in 1762, from which ‘this! awork has’ 
been extracted. i Obs 

~ To explain the reafons on which'the principles of mines 
are grounded, ‘it. is neceffary to ‘confider not: only the 
refiftance which the weight of the earth’and’thé cohefion 
ofthe parts make: againft the? force of explofion,’: but 
hikewife the preffion of the atmofphere,: whith. is fo 
great as to counterbalance’ a column of “water of the 
fame bafe, and whofe altitude is 33 teet, which anfwers 
nearly to a height of a middling foil of about»22 feet: {> 
that if the line of leaft-refiftance of a mine is ro feet; the 
force of explofion: muft not only: overcome the weight’ 
of 10 feet of earth above it, -but 32 feet, properly fpeak- 
ing. It is to be obferved, that this weight refifts the 
force of explofion.no longer than till the mine burfts, and 
the explofion gets a communication with the air, becaufe 
then the preffure of the air ceafes, 
» Plate Lfig.a. As the powder does not fire all: at 
once, but gradually; fo the force of explofion increafes 
proportionally, and condenfes the earth all round in a 
fpheric form, as has been obferved, till this force over- 
comes the refiftance of the earth and atmofphere, which 
cannot happen before the earth rifes in the middle into a 
{pheric form, and the radius (GA) of explofion extends to 
the furface (A B) of the earthand then the explofion get- 
ting a free communication with the air, raifes the earth to 
a‘confiderdble height, and forms an excavation of a-curve- 
lined figure, fuch as AK B; the point C reprefents the 
centre of the powder or chamber. | 
-dt is.a known principle, eftablithed by facts; thatthe 
force of explofion is always proportional to. the! quantity 
of powder fired; and as the force of explofionsactsdn a 
{pheric form, -and fpheres areas the cubes of their radii, 
it is evident, that the forces of explofion, or the quanti- 
ties of powder fired, are proportional to the cubes of theic 
radu. | ‘ph 
This proportion will always bold good. in aminiform 
foil, but varies according tothe denfity : and ifthe ham: 
ber. of a mine be placed on arock, or fome other hard 
fubftance, the diameter of the excavation will be greater 
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than it would -have been otherwife; becaufe the force of, 
explofion being refifted downwards, will a@.witha ereater 
violence towards the fides and upwards. »A «mine ‘pladed 
ina foilofva greater denfity and tenacity’: than another of 
the fame depth; requires 'a greater charge in proportion 
but it muft be obferved,: that the tenacity is not propor- 
tional to the furface of the excavation, as M.de Valliere 
and fome others, pretend, but» to the folid itfelf, as we 
have fhewn in page 221 of our Attack, where we treat 
of the proper charges of mines. 

To find a proper charge of a mine in any foil, fo as to 
produce a given diameter, an experimént mine muft be 
made in the fame foil, fufficiently charged, fo as to produce 
a proper. effect, and the line of leaft refittance exactly mea- 
fured,..as well.as the diameter of the opening, by which 
the radius C A of the globe of compreflion will be found: 
then fay, the cube of the. radius of the globe of compreffion 
found by the experiment, isto the cube of the radius of the 
proposed inine, as the charge of the experiinent mine is ta the 
change required. 

And to find the diameter of a mine whofe charge is 
given, fay, the charge of the experiment mine 15 to the given 
charge, as the cube of the radius of the firft is tothe cubecof 
the radius of the fecond. .From whence the diameter re- 
quired is found by this equation, C A?-——-CD? =ADz ~ 

Amoneft fome mines.made at la Fere, one’was charged 
with polb. and another with 30o0lb. the line of leaft 
refiftance of both was 10 feet: the diameters being mea- 
fured, the firt was found ee feet, and the’ fecond’27. 
Now torfind this laft diameter by ‘the theory, add the 
{quares of 10, the line of leat refiftance, to the fquare 
ot ro, half the diameter 20, which gives 200; for the 
{quare of the radius whofe:,cube is'\2828; .then 170%. 
200:2/22828 > 4990, this fourth term is the’ cube of the 
rae ofthe. fecond miné; whofe root is r7: and if 
from the fquare 239 of this root, the fquare 100 of the 
line of ‘leaft refiftance ‘be fubtracted, the fquare root of 
the difference will be.12.7-and 27.4, twice this root, the 

diameter 
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Giameter required: which is nearly the fame as has been 
found by the experiment. 

Leta mine be loaded with 98olb. in the fame foil, and 
the line of leaft refiftance 15 feet: then 170: 980:: 2828: 
16302: for the cube of the radius, and its logarithm 
4.21224, multiplied by 2, and divided by 35gives 2.808 26; 
for the logarithm of the fguare of the radius, which an- 
{wers to the number 643, from which fubtracting 226, 
the {quare of the line of leaft refiftance, and taking the 
fquare root of the difference 418, we get 20.4, and 
twice that number gives 40.8, which exceeds 4.0 feet 
2 inches, found by experiment, by about § inches. 

Flaving made another mine in the fame foil, loaded with 
36colb. of powder, and of the fame depth, viz. 15 feet, 
the diameter was found to be 70 feet: now if 170! 3690:: 
2828: 59387, this fourth term is the cube of the radius, 
whofe logarithm, 4.77733, multiplied by 2 and divided 
by 35 gives 3.184888 for the logarithm of the fquare, 
which therefore is 1530; from this fubtracting 225, the 
{quare of the line of leatt refiftance, the {quare root of 
the difference 1305 wil] be 26, and twice this number 
72 the diameter; which is 2 feet more than that found 
by experiment. 

M. Belidor, finding the diameters of mines loaded with 
great charges, greater by computation than by experi- 
ments, imagines that it was owing to the cubical cham- 
bers, by which the quantity of earth above them is lefs 
in proportion than in fmall ones: but whether this rea- 
fon is juft, or that the diameter and the line of leaft re- 
fiftance have not been rightly meafured, is not certain ; 

for a friend of mine found the contrary in fome very ac- 
curate experiments he made. . 

Fiaving given an account in page 232 of our Attack, 
cf fome experiments formerly made at la Fere, and c m- 

puted their diameters from the parabolic figure, we thall 
here compute the fame diameters from the globe of com- 
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the third 200, the fourth 240, the fifth 280, the fixth 320, 
‘Pee were Ee ig see of legal reitance we 

and the feyenth with 390: the line of leaft refiftance was 
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10 feet in all of them; the diameters were found to 
be, 1ft, 22 ee 2d, 26, 2d, 29, 4th, 31%, 5th, 934, 6th, 

36, 7th, 98 feet. Now taking the diameter of any one 

as known, for example, that of the fecond 26, whofe 
elobe of compreffion wil! be found to be 4412; then as 
the globes of compreffion are alee ee to the charges, 
they will be, 1ft, 330090; ae Soe 4th, ag Btn eyes 
6th, 88245 7th, 9927: the fquares of cheat padi, rts 
225.053 3d, 312.153 4th, 352.49; 5th, 390.64; Oth, 
427.023 a 401. g; and the radit of tHe bafes, ft, 
11.053. 39d,'14.56 5 4th, 12.88 5 5th, 17.043 6th,’18.08 ; 
“th, 1g-02; whence the diameters are, 22.13 29.12; 31.76; 
34.08; 36.16; 38; which fhews that the greateft dif- 
ference between the meafured and computed ¢ diameters is 
not above 6 inches. 

The near agreement between the diameters, computed 
from thefe two different methods, feemingly fo different, 
appears extraordinary. J found befides, in computing 
large tables by both of them, that one gave the charge 
fomething greater than equal, and afterwards lefs than 
the other; but the differences were immaterial. 

We-have hitherto computed the diameters of mines 
from their charges; ‘we fall 1 now give fome examples to 
fhew how to find the cl harges, from the given diameters. 
‘Thus a mine made in the fame foil as the laft feven, whofe 
line of leaft refiflance is io feet, it is required to find the 
charge fo as to make a diameter of 40 feet: the fum of 
the iquares of the line of leaft refiftance 10, and half the 
diameter 20, gives 500 for the fquare of the radius of the 
globe of compreffion ; ; and the fquare root 22.36 of 500, 
multiplied by 500, gives 1110 for the globe of com- 


pretfion ; then tlie etebe of ele 4312 of the fe- 


cond mine, is'to the globe of compreffion 11186, as the 
charge 460 of the experiment mine is to the charge re- 
quired, which will be 4o5]b. canis 

Let a mine w iso fe line of leaft refiftance is 10 feet be 
Joaded with 17olb. of powder, and have a diameter of 
zo feet, it is propofed to make another in the fame foil, 
whofe line of leaft refiftance is 15 feet, and its diameter 
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70, tofind its charge. The fquare 122¢ of half the dia- 
meter 70, added to the fquare 225 of the line of leaft 
refiftance 10, gives 1459, whofe root is 38 nearly ; and 
1450, multiplied by 38, gives 55100 forthe globe of 
compreffion, and as the globe of compreffion of the 
experiment mine has been found above to be 2828, we 
have 2828: 55100::170: 33121b. of powder for the 
charge required, | 

M. Belidor fays, to thew the application of the globe of 
comprtefhon in the defence of places, I fhall explain the 
planes and profils of countermines made at la Fere, to blow 
up the betiegers cannons, and throw them into the ditch, 
together with another experiment, which threw the can- 
nons into the fortification. 

It is well kncwn, that when once the befiegers have 
eftablifhed their batteries near the covered way, to make 
a breach in an outwork, or the body of the place, they 

ecome practicable in 2 or 3 days, then the befieged 
are obliged to furrender; fo that the only refource remain- 
ing to them, isto retard the finifhing thefe batteries as 
much as poffible, by all the ftratagems that can be ima- 
gined; but nothing difconcerts the befiegers fo much as 
the deftroying them by countermines, and to throw the 
cannons into the poffeffion of the befieged. 

Every time that batteries have been deftroyed by 
: countermines, the cannons have been thrown into the 
| trenches, becaufe the refiftance is greater on the fide of 
_ the parapet than on any other; but when the fame ground 
_ is blown up feveral times, the chambers may be fo dif- 
| pofed, that when the befiegers have re-eftablifhed their 
batteries for the fecond or third time, the cannons may 
: 





be blown towards the place; becaufe the earth to fill 
up the excavation having much lefs tenacity than the 
former, that tide which was the ftrongeft becomes the 
weakeft. 

By following this method, I have in 1724 conftructed 
countermines under the glacis of the polygon at la Fere, 
‘to blow up the batteries fuppofed to be erected by the be- 
fi¢gers three times, | 
M 2 Plate 
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~ Plate I. Fig. 2,.3, 4. - The firft chamber C, blew up 
two 24 pounders towards the trenches as ufual: the bat- 
teries being re-eftablifhed, the chamber D threw the can- 
nons intotheditch : the batteries being re-eftablifhed again, 
the chamber E. threw the cannons again into the ditch, 
to the great furprife of the {pectators, efpecially to fome 
of the miners, who expected quite the contrary. For it 
was the firft time that this method had been practifed ex- 
cept at the fiege of Turin in 1706, where by chance one 
of our pieces was thrown intothe covert-way, which 
the befieged carried in triumph into the town, 

As fuch an advantage is extremely proper to raife the 
courage of the garrifon, and to difcourage the befiegers, 
by the length of time to re-eftablifh the batteries, we 
thought we could not fhew better our attachment to his 
majefty’s fervice, than endeavouring to improve this 
branch of the countermines, in fuch a manner, that the firft 
mine, called fougafle, having only eight or ten feet of 
the line of the leaft refiftance, may throw directly the 
enemy's guns into the ditch of the place, and even into 
the work, in order to make ufe of them againft him. 
This method may be ufed in places which have wet ditches 
as well as the dry; fince by finking only 3 feet under the 
level of the covert way, the height of the banquet and 
parapet give 7 feet more, this makes a fufficient line of 
leaft refiftance to blow up abattery. If 8 feet can be funk 
inftead of 3, the battery may be twice blown up, and 
athird time if 13 or 14 feet canbe funk. The queftion 
is then to throw the cannons the firft time into the ditch ; 
for after that, there isno doubt butit may bedoneagain as 
often as the enemy attempts toraife them, and the depth of 
the ground will allow it. 

This project being fent to court, was ordered to be 
put in practice in 1739; for which reafon a battery was 
raifed in all its forms, for two 24 pounders. Under 
the middle of which a gallery F G, fig. 5, 6, was 
made from the foot T, of the banquet of 20 feet long, 
from which 2 branches GH, GI, were made, each of them 
7 feet long, to place the chambers A A, whofe lines of 

leaft 
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leaft refiftance was 7 feet only, being under the axle-trees 
ef the pieces; the gallery was continued in a flope, to 
make from thence 2 other branches K L, KN, in the 
fame manner as the preceding, but lower, to place 
the chambers B, B, whofe line of leaft refiftance was 
10 feet, and at the fame diftance from the former A, 
taken horizontally, in order to have the right’ anoled 
ifofecles triangle B DC, fig.5, whofe hypothenufe B A 
fhews the direction of the action of the powder. 

The intent of the little chambers A, A, being to over- 
come the tenacity of the foil, without any other effeét, 
were charged each with 20 pounds of powder only, where- 
as the others B, B, were each charged with 600 pounds. 
The length of the leaders were contrived fo as the fire 
being fet toit-at F, it went to G, and from thence to 
the chambers A, A, and to the point Kat the fame time, 
andto the chambers B, B, in a few feconds. afterwards: 
the firft, A, A, having produced: a proper effect) the 
fecond B, B, met with lefs refiftance towards the wheels 
of the carriages than towards the trail, raifed the pieces 
to about 40 fathoms, and then threw them 35 fathoms 
from the battery into the ditch. 

The effect of thee mmes was. much gréater than ex- 
pected, even by thofe who had the moft favourable: opi- 
nions, from the bare exnofition of the projeét:. the moft 
expert in mines at la ere were more fenfible than ever of 
the certainty of the principles eftablithed in our.theory, 
and of all the advantages that may be obtained from the 
globe of compreffion. 

Though the centres of the two chambers were. 18 feet 
fromeach other, they yet produced but one excavation 
of an elliptic form, whofe greateft diameter was found 
to be 45 feet, and the leaft 27; the depth 18, and the 
bottom well-cleared, without hurting the parapet of. the 
covert way. If then 2 mines produced fo great an ex- 
cavation, to what extremity will the befiegers be reduced 
ifa battery of 10 or 12 pieces was blown up: for where 
will they find earth enough to fill up an excavation of 35 
or 40 fathoms in length, 5 in breadth, and 15. feet deep ? 

M3 What 
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W hat time will ‘be loft in’ repairing all thefe damages ; 
and what OS ien there mutt be ‘among the foldiers, 
from the fire of fhells, carcaffes, and oranadesy conti- 
nually thrown into fuch a confined place! 


Experiments made at Bisy in July, 1753, 
by order of the French King, together 
ith their Ufe in the Attack of Places. 


HE intent of thefe experiments was to render ufe- 
lefs the’ countermines ‘of a befieged town, by 
burfting the galleries all round, above and below, to a 
certain diftance, or to « change thefe galleries into fo many 
trenches, by which the covert-way may be taken at 
once with very little trouble. His maj efty being in- 
formed of thefe means, ordered that experiments fhould 
be made near the caftle of Bify, belonging to the duke 
of Bélleifle. In confequence at which, a detachment 
of 75 miners, «with eo officers, was fent there from 
the artillery fchool at la Fere. The work begun wi 
what belongs to the globe of compreffion 5 a foil had 
been pitched upon the moft uniform that acti =v found, 
‘which ha pened to be a hard ae mixed with gravel’; 
there were made 4 galleries, A, B, C, D, fig. 7, 3 feet 
wide, and 6 high, fo as to phe a ‘rectangle whofe 
fides ‘anfwered nearly to the 4 cardinal pomts ?the 2 op- 
pofite ones A, B, which faced the north and fouth, were 
ach 10 fathoms long; and the other 27Gp-) which 
faced the weft and eaft, 12 fathoms; they were lined 
ith ftones, in order to “the ew that mafonry was rather 
an advantage than an obftacle to the effect of powder 
the bottom of thefe si lleties had a flope of 6 feet 3 in- 
‘ches, and the mean depth was 15 feet under the fur- 
facé of the ground, which terminated ina defcent from 
fouth to north, between the interval of the galleries of 
that name. In that to the eaft, C, a branch, L’K, was 
made at right angles of 24 feet long, and at K another, 
KF, at right an sole to this, to place a chamber, E, 30 
feet diftant from the gallery A, 36 from D, and 42 from 
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B, The other galleri ies were made by means of -2' thafts 
or pits, M, J, the one M, to the fouth was.16 feet deep, 
and the spect I, to the noah 20, 

When thefe galleries were Bauheg, the Jaft. pit, I, 
was deepened nine feet ROS dl o that the,..bottom. Y, 
fig. 8, was 29 feet below. the furface of. -the oround 
near the chamber. After this a gallery, YX, was made 
going directly under the chamber E, with-a defcent of 
18 inches, and 5 feet high, by which its top was 14 feet 
below the centre of the chamber E, the whole. fup- 
ported with firong planks. of eak, ese ftill in the fame 
fort of foil as men eo before, but fo hard, that the 
miners were obliged to ufe.the chiffels. Such was the 
difpofition made to what belonged to the globe of com- 
preffion s ; whole object. was to fee whether 1t would burft 
all thefe galleries, 

As it does not appear natural, that a mine, whofe 
effect fhould be on the weak eft fide,; would. burft galle- 
ries at a di‘ance of 4 times the lengt h of its line of leaft 
refiftance, it is. no wonder that sf fhould. have been 
doubted; though the experiment made at la Fere in 
1722, eer s have been a proof of it,,.as .the fact was 
eftablithed upon the preceding theory,.yet.the miners 
were not convinced, | pretending. that the. powder had 
penetrated between the foft foil and a bed of {trong clay, 
{o far as to burfl the gallery... .\t was plain,.tha by ad- 
mitting this theory, the old, and all its confequences, 
muit of neceffity be rejected... |.kept. filence. 1 upon this 
article till 17 / 53s when, ina -difcourfe which] had. the 
honour to make to ae majefty on he effect..of powder 
in mines and fire-arms, he. ordered. immediately that1 
fhould be farnifhed with ne ns to.male: farther-exps- 
riments, which are thofe I have now defcribed. 

The 18th of June, the count d ‘Argenfon, ;who at- 
rived the night bef sfore at the Sed “ps “Belleitl he's S, atthe 
eaftle of Bity, with fome general officers, and: other per- 
fons of quality, who came there out of,curiofity,.wept 

early in the mornine, to vifit all the works of the. mines; 
fter this fire was fet to the globe of compreffion,; which 
M 4. has 
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had been loaded, the night before with 3000 Ib. of pow- 
der: it raifed the earth to about 150 feethigh. They 
then went to fee whether it had deftroyed the galleries 
about it, as well as thofe underneath, and to what di- 
ftance the globe of compreffion had acted; it was found 
thatit formed an excavation perfectly round of 66 feet 
diameter, and 17 deep. 

The eaft gallery C, lined with mafonry, and at 24 
feet diftant from the chamber, was entirely burft from 
one end to the other. 

The fouth gallery A, at 30 feet diftant from the 
chamber, was equally bur from one end to the other, 
except 2 fathoms near the entrance M, at the weft. 

The weft gallery D, of 12 fathoms long, and 36 feet 
diftant from the chamber, was deftroyed to the length of 
7 fathoms, 3 fathoms were left near its entrance at the 
north, and 2 fathoms on the other end. 

The north gallery B, which was 10 fathoms long, 
and 42 feet from the chamber, was deftroyed all but 
2 fathoms at its entrance at the weft, fo there was 8 fa- 
thoms impracticable, which were divided into 2 equal 
parts by the perpendicular drawn from the centre of the 
chamber to that gallery. 

As that line formed a right-angled triangle, with half 
the gallery deftroyed, whofe hvpothenufe is 48 feet ; 
which hypothenufe is the radius of the globe of compref- 
fion; this fhews that the globe of compreffion would 
have deftroyed a gallery at that diftance, and confequently 
quadruple the line of leaft refiftance. 

The gallery Y, Z, S, fig. 8, which paffed under the 
chamber E, whofe top was 14 feet from it, and leneth 
69 feet, could not be entered farther than the length 
Y Z of 24/feet, fo that 45 feet of it was defiroyed: 
as the extremity of this gallery was 9 feet beyond the 
centre of the chamber, it appears that there. remains 
60 feet from the middle to the entrance, and as there 
were 24 feet not deftroyed, there remained 36 deftroyed 
on that fide, which taking for the bafe of a right-angled 
triangle ZS-E, and the perpendicular E $ being 14 feet, 

the 
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the hypothenufe E Z, is found to be 38 feet, which 
therefore is the radius of the globe of compreffion: fo 
that it would have deftroyed a gallery whofe top had 
been at that diftance under the mine, confeqnently 
50 feet under the furface of the ground, which is the 
ereateft diftance that a gallery can ever be made. Thefe’ 
are facts yet extant, and which may be verified upon 
the fpot. 

From hence it follows, that if the line of leaft refift- 
ance had been 15 or 16 feet inftead of 12, the globe of 
compreffion would have deftroyed a gallery at 60 feet 
diftant from the centre of the chamber ; confequently 
if the chamber was placed at that depth, and nearly in 
the middle between.two hiftning galleries, whofe diftance 
1s generally from. 15 to 24 fathoms, it would have burfted 
both the envelope and all thofe under and above them, 
by increafing only the quantity of powder in proportion. 
This proves the great ufe that may be made of the 
globe of compreffion, in’ the attack of a place counter- 
mined. 

It has been found, that to make ufe of the globe of 
compreffion in a common foil, the chamber fhould be 
made upon the fame level with the galleries, and: its 
ereateft diftance be about quadruple its depth nearly ; 
then the diameter of the excavation will be about 
fextuple that line. And to find the charge, multiply 
3 times the line of leaf refiftance, expreffed in feet by 100, and 
the product will give the number of pounds of powder for the 
charge required. For example, having 2 or 3 contiguous. 
galleries, 15 feet deep, at adiftance not exceeding 60 feet ; 
make a fhaft in the moft convenient place, and from 
thence carry a branch to e‘tablifh the chamber: then 
3 times 15, the depth of the mine, multiplied by 100, 
gives 4500 lb. for the charge of this mine. From this 
rule it appears, that the true charge of the globe of com- 
preffion at Bify fhould‘have been 36co lb. for a, line of 
leaft refiftance of 12 feet, then the diameter of the exca- 
vation would have been 72 feet inftead of 66, and: in 
that cafe the welt gallery would have been deftroyed te 
the 
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the quadruple of the line of leaft refiftance, as already 
mentioned. The reafon for charging the mine of Bify 
with 3000 lb. only, was to prevent fome houfes near 
it, from being damaged. This rule for charging mines 
is not founded on any exact theory, but is fufficiently 
exact, becaufe.it.is. better in this .cafe, to make the 
charge greater than lefs. 

While part of the miners detachment was occupied 
im what belonged to the globe of compreffion, the other 
was at work to conftructa place of arms of a covert-way 
to countermine it; in order to change them afterwards 
into trenches of a fiege, and to furnifh means of a new 
Kind of experiments. _ This place of arms traced fuch as 
one in a real fortification was found to beina mof un- 
erateful foil, for the bottom was of a very hard free 
flone, that could not be penetrated without blowing it 
up; and it was covered with a ftrone clay, which ap- 
peared to be againft the intended experiments ; but as it 
would kave been looked upon to favour the experiments, 
by changing the fituation, it was thought proper to con- 
tinue the work in that foil which had been pitched upon 
by chance,. fo that ifthey fucceeded in this, there would 
be no doubt of their fuccefs in any other. 


Plate II.. Fig. 12. At the depth of 12, 133 14, and 
15. feet, were made a gallery magifrate 1, 2,-33 an 
envelope 4. 7, at the foot of the glacis; 2 traverfing, 
i, 4and 3, 73.and 2 /fner, 5, 8 and 6,93 all being 
5 feet high, and 3 broad, This work being finifhed, 
afap, BC, was made in the ufual form, which croffing 
one of the liftners, and within about 4 fathoms of the 
other, as happened by chance. .The'16th, the befieged 
miners intending to deftroy this head. of the fap, {et fire 
tothe mines A, B, carried from the liftner at the right, | 
Thefecond mine B, which was 10 fect deep, formed an 
‘excavation of 27 feet diameter,,in which the miners 
entered, to, difcover the. gallery, cleqred it, and from 
thence entered into the liftner, which was core in 
5, hours. 
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The 17th, the befiegers intending to deftroy, at the 
fame time, and by the fame fire, the li finer of 20 fathoms, 
the envelope of 24, and 12 of the traverfing ; in order 
to which, they begun at the right to Nace and bags 
beiore them ferving as aretrenchment, then placed the 
leaders and put ten barrels of powder in two heaps at 
the end of the ‘travering gallery; 16 in 4 heaps into 
the envelope, and as much into the liftner ; and {topped 
up the entrance at the excavation: all this work was 
finifhed in 7 hours. 

The ‘count d’Argenfon being arrived, the befieged 
miners fet mre to the mine C, at the left, which they 
had loaded with 200 1b. of powder, in order to defray 
the fap on that fides. The betiege r§ miners entered into 
the Gepaten, to difcover the gallery; in the mea 
time the befieged fent 2 miners, followed by lord Mel 
ford, out of curiofity, to obferve the befiegers, who 
being arrived at the envelope,’ the fmoke of "the leader 
was {fo great, that they could proceed no further; then 
retired in hafte into-the frefh air, to recover’ from the 
fuffocation they were affected with-in the attempt. 

An hour after, the fame lord, with a ferjeant and a 
corporal, entered a fecond time into the oallery, to fee 
whether they could advance farther, but found the 
fiench of the powder ftill worfe than the firft time; for 


attempting dt go into the liftner, they {wooned away, 
and would have die d, had at not been carried‘out di- 
rectly, efpecially the corporal, who i not recover in 
24 hours.. This example fhews, that the miners hav 
ue a more cruel enemy ‘than the confit da fmoke of ieee 

; for if they are in it during a few minutes, faint 
away , and die if not properly fecur ed. 

After this event, fire was fet'to the leader on the rieht, 
which fuddenly aed the up pper part of the liftner, ae 
envelope and part’ of the tra verfing, and changed the 
into trenches, asin fig. 13. to the leneth of 56 fath oms, 


being about 24 feet broad, a nd about 8 deep; a little, 


after 
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after were fprung by the fame fire, the reft of the com- 
munication or traverfing adjacent, with half the magi- 
ffral in the gorge of the place of arms, by means of 24 
barrels of powder placed infix heaps, which changed 
thefe galleries alfo into trenches, the length of 38 fathoms, 
that is, the hiftner on the right, the envelope, . the 
raverfing, and the magiftral, formed one continued 
trench. 

The fame day the miners, after having cleared the 
bottom of the excavation near the liftner at the left, 
opened the gallery and penetrated into the liftner, char- 
ged it and the traverfing with 20 barrels of powder 
placed in 4 heaps; they charged likewife the other half 
of the magiftral gallery, in the place of arms, with 12 
barrels of powder placed in 3 heaps. 

Things thus difpofed, the count d’Argenfon and the 
duke of Belleiflecame the rgth, to fee the remainder of 
the operations; the firft changed the liftner, which was 
22 fathoms long, intoa trench with more fuccefs than 
the former, as being better cleared; after this,. the reft 
of the magiftral gallery was fprung, which made a 
trench of 20 fathoms... Thefe trenches may. be traverfed 
and finithed, asin fig 14. . 

t may perhaps be faid, that as thefe countermines 
vere not defended, it is no wonder that thefe trenches 
were fo eafily made: but this objection deferves no 
anfwer ; it is fufficient, that the operations made here 
are what is daily practifed at. the {chool: of artillery, 
without any body receiving the leaft harm. 

All thefe experiments being finifhed to the fatisfaétion 
of the count d’Argenfon, without any accident, that mi- 
nifter, to verify them to the king, had a.memorial drawn 
up, and figned by Mefits. Valiere, Gourdon, lieutenant 
generals; d’Auville, Chateaufer, Gribauval, captains 
of miners; Belcourt, third commander of the {chool of 
artillery at.la Fere and Belidor. 

Itis after this memorial that the preceding faéts have 
been written, which cannot be fufpeéted of any altera- 

tions, 
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tions, every thing was approved of by all who were 
invited by M. Count d’Argenfon, to fee them. 


From thefe experiments has been deduced a method 


for changing galleries of mines into trenches, viz after 
having f{topt the entrance with fand bags or wood, the 
heaps of barrels of powder fhould be placed at equal 
diftances from each other, to make them take fire toge- 
ther, and this diftance fhould not exceed triple the depth 
of the gallery, from thence the length of the leaders 
will be determined. ‘lhe charge fhould not be too 
great, to prevent the making too deep a trench, 
for the foldiers to defend them; each heap of powder 
thould contain as many barrels of roo lb. as there are 
feet in the fourth part of the depth of the gallery, ina 
common foil, For example, having a gallery of about 
24 fathoms, and 16 feet deep, there fhould be 4 barrels 
in aheap, and 4 heaps, diftant 6 fathoms from the cen 
tre of the one to the centre of the next, and half that di- 
itance from theends. ‘I his may be done in 4 hours. If 
the galleries were fituated in a different foil, than that we 
have here fuppofed, a trial muft be made to determine 
from thence the proper charge, 

Lo account for the effect of powder in galleries of mines 
changed into trenches; Iconfider that thefe galleries are in 
the famecafeas a mufketthat is to be burft, which requites 
not to be charged with a great quantity of powder. For 
if its.end be well flopped, when the powder is fired, the 
flame being prevented from rufhing out, endeavours to 
extend itfelf, tilla fufficient quantity is fired to overcome 
the obftacle that refiftsit, opens the barrel from one end 
to the other. The fame thing happens in galleries of 
munes; for when the heaps of powder. are properly dit 
pofed, and the. leaders fo contrived as.the feveral heaps 
take fire at the fametime, the flame extends all over till 
a dufficient quantity is lighted to burfithe gallery. From 
hence it follows, 

1. That the method of changing galleries of mines 
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ceed by fap; for this is no hindrance to the effet of 
owder, as found by the experiments made at Bify. 

2. That the countermines, as commonly made in a 
fortified place, are a difadvantage to the befieged inftead 
of an advantage; efpeciaily, if the befiegers have plans and 
profils of them, becaufe they cannot fpring an advanced 
mine, without giving the enemy an opportunity to 
burft their galleries, and advance to the covert+way 
with very little trouble, and to ere¢t batteries with 
fecurity. 

3. Henceforward, the chance of the befieged and 
befiegers will entirely be changed, “fince the latter will 
find difpofitions ready prepared, which will turn more 
to his advantage, than the place could formerly have 
received from them. 

4. That in the attack of places countermined, the 
befiegers miners will be of much greater importance than 
ever; fince the takine the covert-way will be their lot, 
as well as ali thofe works which have under-ground 
communications with the place, fuch as the citadel of 
Tournay and many others, and the place itfelf, if it has 
any fuch paflages. 

5. That the prefent method of making countermines, 
leading towards the covert-wav, muft neceffarily be 
changed, in order to prevent the enemy from turning 
the galleries to his advantage. 

Plate Hi. Fig. 17. Toapply our method ofattackin 
the countermines ina place befieged, I fuppofed, the firft 
and fecond parallels made the latter A, B, C, to be di- 
flant of about 60 fathoms from the pallifades of the 
covert-way, and from thence the trenches are carried on 
in the capital of the ravelin, and in thofe of the adjacent 
baftions of the front attacked s and after this, batteries 
Tare made of cannons and mortars to enfilade by rico- 
chet, the covert-way, and the ramparts parallel . to it, 
to deftroy their defences, During this time, the fapers 
carry onthe faps towards the places of arms in the’co- 
vert way, both faliant and rentring; to eftablith the 
heads EF near the ends of the liftners G, G, before 
the 
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e faliant angles, and the miners proceed under-ground 
to er ce chambers I; overcharged, between thst. extre- 
mities of the liftners of the re-entring angles: I fuppofe 
they have taken the precaution to fink their fhafts as 
deep as the countermines, that the chambers may nearly 
be upon a level with the galleries, and that the fhafts 
are placed in the trenches K, which lead from one bat- 
tery to the other, not to interiere with any other works; 
from the bottom of thefe thafts they tint the galleries 
K L of about 20° fathoms long. This will be a work 
of aor 4 days to the eftablifhing their chambers; which 
fhould be finifhed at. the fame time, that they may .be 
{prung together; the fapers will by this time be arrived 
to the heads E F, to induce the befieged to {pring fome 
of their mines, to deftroy them; wi ith a’little attention 
his intention may be difcovered time enough to with- 
draw the troops. 

Suppofing, that they have fprung 2 or 3 mines at each 
fide, as foon as this is done, the miners enter into the 
excavations to difcover the galleries, which they muft 
do at the fame time, while the apers form a lodgement 
in the excavation. When the galleries are found and 
cleared, they {top up their entrances, to keep in the fmoke 
tillthey want to make ufe of them. On the other 
hand, ail the globes of compreflion are fired, and from 
their excavations fearch is made on the rig ht and left to 
difcover the liftners; fo that, if the meafures have been 
rightly taken, 14 entrances into the pe apron will be 
found, by which it will be out of the befie ege d’s power 
to refift equally every where; fhould there be but half 
that number practicable, it would be fufficient to get 
poflefiion of all their oe of which, only thofe 
are convenient to advance the fiege, are to be changed 
dnto trenches. 
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muft be allowed: the experiments made at Bify and la 
Fere, before many military gentlemen, demonftrate its 
great effects, and intirely overfet that old erroneous 
opinion, hitherto believed by miners in general, that 
powder confined in mines acéts on the weakeft fide, 
and not downwards nor fide-ways. Since galleries 
were defiroyed under and at the fides of the chamber, at 
the diftance equal to four times the line of leaft refift- 
ance; whereas before it was {uppofed that it could not 
make the diameter of the excavation above twice that 
line. Therefore, as long as this erroneous opinion, in- 
fifted upon by all authors, fubfifted, the theory of mines 
could not be brought to any degree of perfection. 

i he method of throwing the cannons of batteries placed 
onthe covert-way, intothe ditch, isno lefs important, fince 
nothing can dithearten the befiegers fo much, as to fee 
their batteries for making a breach deftroyed as oft as 
they attempt to raife or repair them. It may be obfer- 
ved that the {mall mines A, Plate I. fig. 6. feem not to be 
abiolutely necetlary, provided the great ones B, are placed 
directly under the breech of the gun; for in this cafe, as 
the part of the gun and carriage towards the place is 
much heavier than the other, if the mine be properly 
charged, muft throw the euns towards the ditch, with- 
out the help of thefe {mall mines; for this has been 
effected by one mine only, at Byfleet camp, fome years 
ago, by Matthew Clark, one of the greateft engineers of 
his time. : 

The greateft advantage of this theory confifts in 
changing the galleries of countermines into trenches of 
an attack; fince it reduces the moft dangerous and dif- 
ficult part of a fiege, which is that from the third paral- 
lel to the intire pofleffion of the covert-way, into a very 
fhort and fafe method, f uppofing the place counter- 
mined. This method is however liable to fome ob- 
jections: M. Belidor mentions one ; which is, shat it may 
be (aid, the countermines in the place of arms not having 
been aefended, it isnot to be wondered that fuch an advan- 
Lage bas been made of them: without any other anfwer nee 
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what is daily praétifed at la Fere. Now if the befieged 
are prevented by the fmoke to enter into the galle- 
ries, does not the fame difficulty obftru& the befiegers ? 
It is true, he fays afterwards, that the entrance from the 
excavation is kept ftopped till they want to ufe them, 
and when opened, the air enters at one end and drives 
out the fmoke through the other. But then fo foon as 
the gallery is cleared from the {moke, it may be entered at 
both ends, by which the befieged can with an equal ad- 
vantage defend them, as the befiegers to get poffeffion. 
And if the befieged are aware of the enemies defign, they 
may {top the entrance on their fide, by which it will be 
impoffible for them to’ make ufe of them again{t the 
place, It is true that the befieged deprive themfelves 
of the ufe of the reft of their countermines, unlefs they 
are loaded and ftopped beforehand, which is not to be 
done 1n certain circumftances. 

If thefe ftratagems fhould be forefeen by the befieged 
and prevented moftly, yet by means of the globe of 
compreffion, their galleries may be deftroyed {0 as to be 
quite ufelefs, the befieged will be enabled to proceed in 
their trenches, and raife their batteries without any other 
difturbance but from above-ground. From whence 
it clearly appears, that the countermines, formerly the 
greateft obftacle of a fiege, are now of very little advan- 
tage to a fortified place. 

The great effect of powder, though not confined, as 
hitherto thought neceflary, ha$ been known long 
ago. In the duke of Sully’s memoirs, page 136, 
octavo edit. vol. I. we find this remarkable paflage ; 
“¢ the king of Navarre took Monfegur. Captain Milon 
inclofed five hundred pounds of powder ina bag, 
which he found means to introduce intoa drain, from 
the town into the ditch between two principal gates 
of the town; the end of the leader was hid in the erals, 
Every thing being ready to play off this machine, 
the king gave us leave to go and fee its effeét ; which 
was furprifipg. For one of the gates was thrown 
‘* into the middle of the town, and the other into the 
&s field, 
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<¢ Geld, fifty paces from the wall: all the vaults were 
<< deftroyed, and a paflage was made in the wall for 
“2 men to enter a-breaft, by which the town “was 
“ taken.” 


M. Valliere’s Differtation on Mines; and 


their Advantages in the Defence of 
Places. - 


I fhall not give, in this differtation, the conftruction 
of mines or countermines, the pofition of liftners, cham- 
bers, their charges, nor the manner of ufing them ; 
but only a general idea of the advantages which may be 
drawn from countermines, if they were conftructed and 
defended as they fhould be. To explain every thing, it 
would be neceffary to enter into the particulars of the 
practice, betides trigonometry ; treat of the theory of the 
collifion of bodies; the communication of motion ; the 
refiftance of folids on the various forces of percuffon, 
and elafticity of the flame, arifing from different quan- 
tities of powder on the time ; the different manner of its 
inflammation, in different fire-arms, according as the fire 
is conveyed; and, in fhort, into the phyfico-mathemati- 
cal knowledge, which requires a chain of demonfirations 
fufficient to filla large volume, of which this difcourfe 
could only ferve as a preface. 

When Spain made the conqueft of the kingdom of 
Naples from the French, Francis George, an Italian ar- 
chiteét at Naples, propofed to Peter Navarre, the 
Spanifh general, befieging at that time the caftle del 
Ovo, a method of becoming foon matter of this caftle; 
the French who defended it, were the firft who felt the 
effect of powder in mines ; the architect, whether by 
knowledge or by chance, placing the powder in fuch 
a manner, that he threw the wall and garrifon into the 
fea. ‘This was then the origin of the artificial vulcano, 
invented to facilitate the taking of places; but it is found 
on the contrary, that it is more advantageous in the 


defence, without having as yet been rightly conficdered. 
Lt 
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It is known, that the perfeétion of arts and feiences is 


relerved to fucceeding generations. With refpeét to the | 


{cience of mines, judging from what has been practifed, 
there are certain principles, which, according to all ap- 
pearances, have not as yet been difcovered; and from 
which are deduced fuch faéts and advantageous means 
for the defence of places, as would be unpardonable in 
us to have neglected. 

What I have feen beft on the effe&t and conftruétion 
of mines, are memoirs, containing feveral experiments 
of mines made fince thefe twenty-five years ; giving the 
charges of mines pretty exactly, and the diameters of 
the excavations, according to their different lines of leaft 
refiftance ; I fay pretty exactly, becaufe there is acertainrule 
and geometrical accuracy to be obferved in thefe things, 
not mentioned in thofe memoirs. For inftance, it has 

been found in prattice,® that a lefs quantity of powder is 
required, in proportion to the earth, in large mines than 
in fmall: the reafon given by fome is, that a great quan- 
tity of powder producesa greater force in proportion than a 
leis: but thofe that argue in this manner would foon have 
difcovered their error, had they confidered, that not only 
the weight to be raifed is to be confidered, but likewife 
the tenacity of the parts; and as the tenacities are propor- 
tional to the furfaces, and the weights to the folid formed 
by the excavation; and the furfaces of large bodies. are 
lefs in proportion than in fmall ; the charges of large 
mines fhould be lefs in proportion Lee thofe in {mall. 

This difcourfe on the proportion of charges only, fhews 
the neceffity of geometry in the ufe of mines; the bare 
knowledge of the practice is not fufficient to underftand 
what has here been faid: there are befides other cafes, 
wherein it rarely fucceeds, though it be fufficient in the 

N 2 attack 


* All the fubfequent argument appears to be without foundation, 
by all the experiments made at la Fere at different times. For it was 
found that the charges were always proportional to the quantities of 
earth blown up, or the globe of compreffion. M. Valliere has not 
leffened the charges of large mines in his tables; which ailfo con- 
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tradict what is here faid, 
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attack of a place not countermined ; becaufe when no- 
thing obftructs the miners paflage, it is eafy to blow up 
a counterfcarp and make a breach in a baftion, and if 
fome mines do not fucceed, it is owing to the ignorance, 
{carcely pardonable, of thofe who undertake to conftruct 
them, unlefs fome unforefeen heterogeneous matter in- 
tervenes, and forces the powder to act differently from 
what it would have done in an uniform foil; but this 
accident happens oftner through ignorance thanany thing 
elfe, becaufe a fkilful miner commonly knows where 
thefe inconveniences are to be apprehended, and if he 
does not know how to remedy them, he fhould at leaft 
sive notice to the general. 

It has not yet been rightly diftinguifhed, how far the 
word Countermine agrees to mines prepared for the de- 
fence of places ; all know how much they intimidate 
the befiegers, but the harm they have hitherto done is 
nothing in comparifon to what they may do, and what 
obftruction they may make. I fhall nct pretend to fay, 
that they may render a place abfolutely impregnable, 
but I do not fee how, with equal fkill, to overcome 
all theobftacles, norto fucceed inan attack of a place 
countermined properly, and fkilfully defended. 

It is prefuppofed that I mean the fituation of a place 
proper for mines, well fortified, with a fuffictent gar- 
rifon to defend it, provided with warlike ftores, pfovi- 
fions, and every thing elfe, which experience has thewn 
to be neceflary. 

A miner that knows how to ufe countermines con- 
ftruéted as they fhould be, may ftop the enemy’s miners, 
ftifle them, or deftroy their works in fucha manner,’ as 
to make it impoffible for othersto return to the fame 
place, or, if he pleafe, let them enter the galleries, block 
up the paflage, and take them prifoners, or kill them if 
thought proper. In fhert, the befieged who know how 
to take all advantages, will be mafter of the fate of their 
enemies: for without mentioning all the traps and ftra- 
tagems which the enemies cannot forefee; finding it im- 


poffible 
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pollible to advance, and the under-ground paflages being 
flopped, and not being able to make mines that can be 
of any ufe tothem; if neceffity obliges him to brave the 
minés, and to carry on the attack above-ground¢ he muft 
be very obftinate to perfift in {pite of all the hardthips 
that the befieged can make him endure, not only in ma- 
king his approaches, but likewife in making his lodg- 
ment on the covert way, and every where elfe, where 
he dares to carry on this work. 

Ifhe proceeds by fap to the covert-way, it will be 
proper to give him notice from time to time, by fome 
mines, of the danger he is in; if he makes his attack 
{word in hand, mines appear then ufelefs ; yet they may 
itartle the troops during the attack, and bury fome men; 
but as the excavations may ferve for lodgments, it will 

be better to referve the mines for difturbing the work, 
and confequently to gaintime; befides, thefe firt mines 
fhould not be loaded till they are to be ufed, in order 
to be always ready to prevent the enemy from advancing, 
which cannot be done, if they are charged before. The 
enemy being arrived to the covert-way, may attempt to 
re-enter the ground, whilft he compleats his lodgment; 
but he will again be obftructed, and find on ail fides 
the fame difficulties as before. So foon as he begins to 
raife batteries for making a breach, it will be proper to 
deftroy allthe lodgments on the covert-way by the up- 
permoft mines, for very good reafons, and not wait till 
the cannons are mounted; for thefe {mall mines loofen 
the earth where the cannon are to be, by which the 
next mines will throw the cannon, when mounted, to- 
wards the town. ‘Thefe batteries being repaired, and 
the canon mounted, which cannot be done in a fhort 
time, the mines, which I fuppofe properly difpofed and 
charged, will throw the cannon, a fecond time, into the 
ditch of the place. Such an adventure mutt aftonith an 
enemy, for here is another battery and lodgement to be 
made ; and when other mines throw the cannon again 
isto the ditch a third time, if he is bold enough ta 
venture raifing batteries again, he will meet with the. 
dame reception, “In fhort, when there is a depth of earth 
| : N 3 of 
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of 2s of 30 feet, it is eafy to blow up the fame furface 
neat the covert-way, 6 or 7 times, which certainly is 
more than fufficient to difhearten the moft obftinate 
enemy. 

Thefe mines fhould be difpofed in fuch.a manner as 
not to damage the parapet of the covert-way, that it 
may remain in a condition to be occupied as oft as the 
lodgment is demolifhed; at the fame time the faps, 
communications, and parallels, by which the enemy 
maintains his lodgement on the covert-way, muft not be 
{pared, fome mines mutt continually be fprung, with the 
precaution to deftroy always thofe works which are found 
moft complete. 

It mug: here be obferved, that if the depth of earth 
near the covert-way admits of being blown up 6o0r 7 
times, it is eafy on a level ground of that depth to dif- 
pofe the chambers of mines in fuch a manner, as to blow 
up the fame {pot 20 times all over the glacis and beyond 
it, becaufe they are not confined on one fide, as thofe 
near the covert way. 

If the mines made it impracticable to make a breach 
with cannons, and yet the enemy is obftinately bent to 
purfue his enterprize, what meafures can he take? Will 
he have recourfe to efcalades ? This fcheme is chimerical, 
and littlé to be feared, for a garrifon that knows how 
to defend itfelf. I mention this, becaufe I happened 
to be at Landau when befieged in 1704, where the gar- 
rifon, brave as it was, having done all that could be 
expected, were at laft in fear of an efcalade; on which 
fufpicion, they determined, after 2 days debate, unfea- 
fonably to let the water into the ditch. Will the 
enemy have recourfe again to mines ? There are but twa 
ways to arrive at the place or outwork ; the one, to pafs 
under the ditch from the covert-way; a tedious work, in 
which he certainly will be obftru¢ted; the other, to 
throw the counterfcarp into the ditch, and to pafs it by 
means of an epaulement. In both ways he may fut- 
ficiently be obftructed, to be difheartened. But fuppofe 
he arrives to the body of the work, a principal gallery 

| with 
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with liftners, placed behind the fcarp, will render his 
fuccefs-impoffible. 

The prefent practice is, that the enemy advances to 
the covert-way by means of covert-faps, that is, by un- 
derground galleries, leaving only half, or a foot of earth 
over their heads; then throwing down this head, their 
lodgments are almoft quite finifhed. Nothing is more 
eafy than to flop this work, and to oblige the enemy to 
proceed in another manner, if thought proper. 

From thefe general hints of countermines it appears 
what may done, when joined to a proper condutt of the 
garrifon, which may and fhould, by a well-regulated 
conduct, contribute to the entire deftruction of the ene- 
my, in taking advantage of all the diforders he is put in, 
by the effects of countermines. . It muft be confefled, 
that this is the beft, and perhaps the only defence, from 
which fuch great advantages can be made. 

As we have not as yet heard or feena defence of this 
nature, what I have faid in favour of countermines, 
may perhaps appear a mere imagination; yet I advance 
nothing but what is grounded on theory and confirmed 
by experience; it is matter of fact, and I not only can 
affert the poffibility, but likewife the eafinefs of its exe- 
cution. 

No countermines I] have feen, in the feveral attacks 
T have been at, were difpofed ina proper manner, nor all 
the advantage made of them, if properly exerted. It is 
true, that thefe advantages depend on fuch mechanical 
principles as are taught by geometry, which few miners 
are acquainted with. 

{ muft own, that 15 or 20 miners commonly fent 
into a place befieged are by no means fufficient ; for the 
moft that they can do, is to make a few mines here and 
there under the glacis, which only frightens the enemy 
without doing any great harm; the little time that is 
gained by them is not.worth mentioning. Befides, for 
want of communications, the mines muit be charged at 
the approach of the enemy to the covert-way, which is a 
ereat difadvantage ; to this I may add, that ifthe num- 
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ber of miners were oreater, if their works are not begun 
before the fiege, the fituations are oft fuch, that very 
little refource can be expected from them, 

To prepare fuch countermines as I propofe, requires 
time and expence, but neither are fo confiderable as 
sore be imagined: in 3 or 4 months, if no rock inter-~ 

renes, a place may be fuMiciently countermined, asfaras 60 
or 70 fathom from the covert-way, fuppofing a fufficient 
number of workmen. As to the expe ence, it is a meretrifle, 
in comparifon tothe many millions of livres the fortification 
of a place cofts, to preferve which requires all the care 
and precaution that is poffible; for ina front of a poly- 
gon of 200 fathoms, Beato e requires 2000 fathoms of 
galleries, which may perhay s coft 25000 livres in ma- 

terials and workmanthip, an 100,000 lb, of powder in 
Waste for that ufe. 

It muft be obferved, that if fuch a work be underta- 
ken, itfhould be carried on with all fpeed, and without 
intermiffion, all the parts of a place, fufceptible of ma- 
king mines, fhould be finifhed together, fir it would be 
dangerous to be attacked in a front not prepared, whilft 
all the others are; it will befides inftruét the enemy of 
your condition, which he always difcovers too foon. 

The fcience of countermines has a fuperiority over that 
of fortification, becaufe the latter is partly arbitrary, 
whereas the former is determined by the fituation of the 
works and nature ofthe foil: another adv antage the 
mines have, no 9 lets confiderable than the former, is, that 
the e pofition of thefe mines t esis be {o varied, as to be 
imy poffible for the moft experienced enemy to gain any 

ellizence of them. 

“The Sen {upported with wood, are eafier defended, 
and more commodious to avoid Eee accidents, than 
thats made ae mafonry ; but as wood d ecays, if is more 
convenient to make thofe galle eries, which are to ftand a 
confiderable time, with mafonry, by obferving however 
to make the roof flat, inftead of round as they are com- 
monly made, to iced certain accidents. As to the 
edyections which may be ,made againft this method of 
making 
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making countermines; the moft material is, that the 
miners cannot enter thofe galleries filled with fmoke 
arifing from the fpringing of a former mine, which fuf- 
focates them; but thefe, and other inconveniences, may 
be avoided, by a particular conftruction of thefe galleries, 
which purifies the air, and makes it circulate*. 


General Conftru@tion of the fevera] Stages 
of Countermines. 


Fig. 18, in the line g Bd, reprefenting the flope of the 
placis, take the line g F, equal to 4,5, or 6 feet, for 
the thicknefs of earth to be left to ferve as a parapet to 
the covert-way: take Fz, equal to half the diameter of 
the excavation, and z O, the perpendicular to F H to the 
line of leaft refiftance; then the line F L will reprefent 
the fection of the plane in which the feveral ftages of 
countermines are placed. In-order to find the diftances 
ef the chambers in that plane, take OM, ML, each 
equal to F O, and the points O, M, L, will reprefent 
the centers. of the chambers: this may be carried on to 
any depth. ‘This conftruétion is evident from M. Be- 
lidor’s principles, that the charges of mines are propor- 
tional to the cubes of the radii or lines OF, MO,L M, 
of the globe of compreffion. | 

M. Valliere will have the line M O always equal to 
the line of leaft refiftance, O z, of the mine next above 
it; but obferves, that. in a foil of an uniform denfity, 
experience fhews that thefe lines are to be increafed by 
one third of the line of leaft refiftance; fo that if the 

line 


* What this particular conftruétion of galleries, which M. Valliere 
mentions here, is, remains as yet a fecret; nor can it be guefs’d at: 
for if he means that air-holes may be made from diftance to diftance, 
they may be difcovered from above, and either ftopped, or fome 
ftinking compofition thrown through them into the galleries, and 
thereby increafe inftead of diminifhing the danger: or whether, the 
galleries, by having feveral entrances, and a communication with 
one another, can be freed by this means from the fulphurous {moke, 
{oon enough to beentered and defended when required, can, in my 
®piniow, only be known from experience. 
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line of leaft refiftance Oz is 12 feet, O M fhould be 16; 
which anfwers our conftruction nearly. He fuppofes 
likewife in his conftruction, that the diameter of the 
excavation is always double the line of leaft refiftance ; 
but we have proved, thatit may be triple or quadruple 
of that line. It is therefore neceffary in this confiruction 
to determine the ratio of the lines F z and z O, from the 
charge, to detetmine the plane F L of the fevexal {tages 
of mines. 

Fig. 19. fhews the difpofition of the chambers of the 


countermines, in a fection of the glacis parallel to the 


covert-way ; and how they fhould be placed under each 
other. 
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Explanations of the Figures. 
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Fig, mei the figs re of an excavation. 
Fig. 2. Shews how the fame battery has been blown up 3 times 
by 2 2mines C, D, i placed below each other. 
Fig. 3. Shews the plan of the galleries and chambers. 
Fig. i Profil of the fame mines lengthways of the battery. 
Fi ig. 5. Shews how a battery is blown up once only. 
Fig. 6. The plan of the galleries of the preceding mines. 
Fig ¢, 7. Plan of. mines conftruated at Bify, to fhew the effect 
of the globe of comprefiion. 
E. Chamber, whofe line of leaft refiftance was 42 feet, and 
loaded with 3000 lb. of powder. 
IF. Gallery 69 feet long, going from the bottom of the pit I, 
and pafling r ¥4, feet under the chamber E, 
HG. Branch from the gallery, 14 feet lower, and 8 diftant 
from the cham ber E. 
Fig. 8. Section thro’ BA, paffing thro’ the chamber E. 
YZX. The gallery coing from the pit I, floping 18 inches 
from Y to ‘Z, the reft being level. 
V. 7. Horizontal line, and O N the flope of the ground of 
5 fect from the gallery A to the gallery B. 
3, A perpe sndicular af 26 feet. 
Fig. 9. Section thro’ D C of the plan paffing likewife thra’ 
the chamber E, and the galleries D, C, 
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Fig, 10. 11. Shewing the extent of the excavation made by 
the chamber E, fig. 7, and the parts burft of the high and 
low galleries, 

Fig, 12, The plan of a place of arms D ina covert-way, 
countermined, 

Fig. 13. The fame place of arms, as appeared when the 
galleries were blown up, to make trenches. 

Fig. 14. The fame as the two former, only cleared and 
traverfed, to prevent being enfiladed. 

Fi aaa A fection of the 13th figure. 
5° 216. A fection through the 14th figure, formed into 
fteps, 


Peek A 1 ae E Il. 

Fig. 17. Shews the plan of an attack of a place countermined. 
The great circles, I, reprefent the effects of the globes of 
compreffion ; and the little circles the countermines fprung 
by the befieged to blow up the advanced faps of the bes 
fiegers, 
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A Scheme to improve Artillery, 
For Sea and Lanp Service. 


HE indifpenfable neceffity of having a very larg¢ 
Artillery, for Sea and Land Service, and the ex- 
traordinary expence attending it, induces me to hope 
that this propofal for reducing the weight and expences, 
may be acceptable ; efpecially as no nation have as yet 
made any fuch attempt. 

This ts to be confidered under two heads: the one to 
diminifh the weights; and the other not to ufe any 
brafs field artillery, but only iron; to leffen the ereat 
burthen of our fhips of war, and to carry larger cali- 
bers than thofe of other nations of the fame rate. If the 
weights of our guns are diminifhed, they will require 
fewer hands to manage them, and of confequence, a 
fmaller number will be expofed to danger at a time: 
and if we carry larger calibers, our rates will be a 
match for larger fhips. 

The advantage of ufing iron guns in the field inftead of 
brafs, will be that the expences are leflened in propor- 
tion to the coft of brafs to that of iron, which isas 8 to 1. 
The only objection againft iron is, its pretended brit- 
tlenefs: but as we abound in iron, that is ftronger and 
tougher than any brafs, this objection ts invalid. This 
I canaffert : havin e that cannot be broke by 
any force, and will flatten like hammer’d iron: if then 
we ufe fuch iron, there can be no « anger of the guns 
burfting in the moft fevere act 

Though brafs guns are not Hable to burft, yet they 
are’ fooner rendered r 
For by the fof tal, the vent widens fo foon, 
and they are liable to bend at the muzzle, thatit would 
be dangerous to fire them; as we have found by ex- 
perience at Belleifle, and where we have been obliged to 
take guns from the fhipsto finifh the fiege. 

Thefe being undeniable facts, no pofible reafon can 
be affiened again{t ufing iron guns in both fea and land 
fervice, and thereby leflen the expences of artillery, fo 
comliderably as will appear by the following tables. 
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Length and Weights of Iron Ship Guns. 
OLD PIECES. § NEW PIECES. 
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Guns of this conftruction appear fufhciently ftrong 
from the proof of two three-pounders, made for Lord 
kgmont, and that they may even be made lighter and of 
equal fervice. 


Length and Weight of Battering Pieces. 
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190 SCHEME to improve 

That thefe guns are fufficiently ftrong, is evident from 
the former trial; befides, there are feveral 32 pounders 
of the fame dimenfions and weight now exifting and fer- 
viceable, though caft in King Charles the Second’s time. 

N. B. Thefe battering pieces may ferve in Garrifons. 

It appears from thefe tables that no proportion has 
beeen obferved in any guns hitherto made, in refpect to 
their length or weight, but merely by guefs. 


Some examples to foew what may be faved by this fcbeme. 
The Royal George carries a hundred brafs guns, 
which weigh together 218.2 tons, the ton coft 130 pounds, 
workmanfhip included. 
The expence of thefe gunsis then - - 28366 pounds 
A fet of the iron guns of the fame 
number and calibers, according ¢ 127.9 tons 
to my conftruction, weighs 
The ton coft 16 pounds, and the 
whole fet 
The Royal George carries then 
go.4 tons more than is nee 
effary, and the difference bee 
tween the expence is 
That is 12.5 titnes more than the new iron fet cofts; 
or twelve fhips of the fame rate may be fitted’ out 
lefs charge. 


} 2044.8 pounds 


26321.2 pounds 


§ Old 7 irons guns for a§ 204.4 
f INT = : ae ns 
A fet of the UNew f firft-rate weighs ' 127.8 § t0 
he difference betwen the weights 
T oe ‘ 76.6 tons 


of the old and new is 
The difference between the expence br 97.6 pounds 

is then : 
A fet of brafs battering pieces weighs —_11.36 toris 
Aton coft 130 pounds, and thefet 1476.8 pounds 
A fetof the new weighs --.---- 7.46 tons 
The ton cofts 16 pounds,andthe fet 117.8 pounds 
That is 11 times, and 632 over, more than the new 

fet, or eleven fets of the new, could be made at 

lefs expence than one of the old. 

The 
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This table fhews what may be faved in the Navy, 
and if we add thofe on board floops, the different galri- Hh 
fons, and the field train, with the great expence of their Kt 














































carriage in the field, it may be found pretty near as much i 
more, I 
Numb. | Weight Weight No. i 
A. of of of Differ. f Total I 
Guns. Old. New. Ships. | Difference Hi 
100, |43697 (3) p2ens6) a. £18116 3 5 9058 o 
99 | 3537 3 {2001 oO 41536 3 9 |13827 5 
80-1] 3%p8 3° 11827 oO 11287 3 7 QoI4, J 
744 30901 'O “PeSe0  ehpraso. 2 32 {40016 o i 
70 4.2997. © $1796 2.11200 2 IO. 2008. 9 Kt 
G4 2543 3 Bi aero 41459 Se 23 {2848¢: «2 th 
GO"! 2177 eget ties a | 972g 30 139782 2 i 
s0 {1881 4 |1035. o | 846 1 19 |16078 3 ‘ 
44rsersherez For motitb lets 8 5284 0 i 
40 ]1234 2 B eee eg 22-260 9 8298 °o i 
36 | 963 3 | 450 O | $33 3 7 3596 1 i 
32 956 2 Ge ooniee 3 hed Rol a taper 28 14602 90 i 
28 5Q2 a2 250-40, [1208.2 23 7OQOk 1 i 
24 | 53m 3 | 255 O | 276 3 12 3321 0 t 
20 421 2 Igor 1 230 I ig De ees Hh 














Difference between the Weights - - - - - 203918 3 0 i 
Brafs. guns of two firft rates, —- 203918 15 9 i 
Hxpentegoh the ; Tron ditto —  — 53109 5°90 ‘ 


We get f- 257028 9 oO 


If then no material objection can be made to this pro- 
pofal, fo beneficial to the nation, [humbly hope that it 
will be put in practice, and that my trouble of com- 
pofing it, after above fifty years application, to theory and 
practice, will be confidered. i, 


JOHN ‘MULLER. 
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mom ages 
Gein Ss » A Regiment of (Service 132 35 | 2700 
CS ee. > Foot of go@ F 
os ae 50 Men for - Exercife 19 II 1800 
sia.5” | ia | 
| = # 9 O00 A Regiment of (Service 5 9 uate i134 2268 
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a SM 360 Men for | Exercife 7 Time | 726 1g12 
‘S.2 Eg ; | | 
S26 A Light Troop (Service |] 2: oe 363 393 
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$6 Axe for - - LExercife |J 113 | 43 242) Wf 262 | 
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O90: 3-8 
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N.B, The proportion of ammunition for a regimene 
of foot is 64 rounds for each man for fervice, at 6 
drachms each cartridge, and 135 rounds each man for 
exercife, at 1 of an oz. 

Mufquet flints, 3 to each man for fervice, and 2 for 
exercife. 

Mufquet balls, 20 to each man for exercife. 

The proportion for a regiment of dragoons is one 
pound of powder. for fervice, and two pounds for exer- 
cife to each man ; each cartridge to contain the fame as 
thofe of the foot. 

The proportion for the light dragoons is 64 rounds for 
each man for fervice, at of an oz. each cartridge, and 
405 rounds each man for exercife, at 3 drachms each 
cartridge. 


The battalions of militia embodied are to have the 


fame proportion of ammunition as a regiment of foot, 
according to their numbers. 
Office of Ordnance, May 14, 1760. — 


Form of a Certificate for Ammunition to 
be addreffed to the Right Hon. and Hon. 
the Boarp or Orpnancez, whenever a 
Supply of Ammunition is wanted. 


HESE are to certify the Right Honourable and 
Honourable the Boarp or Orpnance, that the 
laft Supply of Ammunition received for Ufe of 


Regiment of | or Company of 

under the Command of is nearly expended 
in the Duty and Exercife of the faid _ Witnels 
my Hand this Day of 


To the Rt. Hon, and Hon. the Board of Ordnance: 


aaa See Ft! aks 
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Printed for and Sold. by J. MILLAN: 


OLDBATCH on Mifletoe, 1s. 
A Bradley’s Survey of Hufbandry, 4s. 

Bradley’s Lectures, 38. 

Batrow’s Medicinal DiGionary, 8s. 

Sydenham’s Compendium Medicinae. 

All Shell and other Kith, both Sale and Frefh Water, brought to 
Market, with the Times of their being in Seafon, from the 
original Paintings of VanHaEKEN, engraved ong full Sheet 
Copper Plates, 10s. Od. if. 1]. coloured. 

4 Hill’s Review of the Royal Society, 4to. 108. 6d. 

8 Palladio, finely engraved by Ware, 7s. 6d. 

g Langley’s Gothic ArchiteCture, qto. 158. 

o Inigo. Jones’s Defigns for Cielings, Chimneys, Temples, &c. 

10s. 6d. 

42 Morris’s Le&tures on Architecture, 2 Parts, 6s. 

23 Price’s Carpentry, 4to. 7s. 6d. 

‘14 Antiquities of Hereford Cathedral, vo. 

1¢ Perrault’s Architecture, Folio, 10s. 6d. 

16 Pozzo’s Perfpeétive, Folios-1 58. 

17 Caftell’s Villas of the Ancients, Folio. 

18 Newton’s Fluxions, Svo. 

1g Mead on Poifons, 8vo. 

zo Orthopeedia, or the Art of correting and preventing Defor- 

mities in Children, 2 vol. Cuts. 

Dr. Sharpe’s Englifth-Hebrew and Englifh-Latin Grammar. 

Dr. Sharpe’s Defence of Chriftianity, 2 Parts, 68, Oligarchy 1s. 

‘Tandon’s French Grammar to learn without a Malteér, 2s. 

. Pine’s Horace, 2 vol. 2]. 2s. 

Maafvicii Virgilius, 2 tom. 12m0. 2].'6s. 

20 Nollet’s Compendium of the Bible, Fr. and Eng. 2v. 12me. 6s. 

28 Letters from a,Perfian in England, 35, 

29 Prior’s Pafthumous Works, 2 vol. 8v@. 12s. 

zo Pridr’s Poems, 1zmo. vol. 11. 35. 

3: Buckingham’s Works, 2 vol. 8vo. 

32: Vane’sLetters. 

Qzell’s Telemachus, 2 vol. 8vo. 10s. 

Atkins’s Tratts, 8vo. Ss. 

Malcolm’s ‘Tratts, Svo. ss. 

Howell’s Letters, 8vo. ss. 

Haywood’s Love Letters, 4s. 

Haywood’s Cleomelia, 3s. 6d. 

Pope’s Works, vol. 1. 4to. large Paper, ros. 

Love and Friendfhip, a Comedy, 1s. 6d, 

Petty’s Political Arithmetick, 3s. 6d. 

Petty’s Eflays, 3s, 

43 WaroftheBeatts, 3s. 

44 Cambridge’s Account of the War in India, 4to. rgs. 

45 agen -8vo-. 6s, 

46 Ducarel’s Anglo-Norman Antiquities, Folio, zl, 8. 

47 Ducarel’s Anglo-Gallic Coins, 4to..10s. 6d. 

43 Hiftory of the Severambians, Syo, 2s, 

49 Cox’s Hiory of Carolana, 8yo. 
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